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I— Fulgurites  from  Tupdnoato  and  the  Summit  of  Aconcagua. 

By  Profeasor  T.  G.  Boxnbt,  D.Sc,  LL.D.,  F.R.S.,  V.P.0.8. 

^PHE  members  of  Mr.  E.  A.  FitzGerald's  expedition  to  the  Chilian 
L  Andes  in  1896-7*  made  a  rather  large  collection  of  rock 
specimens  from  the  higher  regions,  which  has  been  entrusted 
to  noe  for  examination.  The  descriptions'  will  be  published  in 
Mr.  FitzGerald's  forthcoming  book,  but  as  two  are  exceptionally 
interesting  I  wish  them  to  appear  in  the  Geological  Maoazkvb. 
Permi88ion  for  this  has  been  kindly  granted  by  him  and  by  his 
pnhjishers,  Messrs.  Methiien,  to  whom  I  return  my  cordial  thanks. 

The  specimen  of  greatest  interest  is  a  block  of  andesite  with 
remarkably  fine  fulgurites,  taken  from  the  actual  summit  of 
Tupungato  (20,2G0  feet)  by  Mr.  S.  M.  Vines,  a  member  of  the 
expedition,  wIjo  made  the  first  ascent  in  company  with  the  noted 
Swiss  guide  Zurbriggen.  The  mountain-top  is  a  curving  plateau, 
from  which  three  ]>eak8  rise  up  to  a  maximum  height  of  about 
30O  feet.  Tlie  crater  has  disappeared,  but  a  little  scoria  was 
collected,  from  which  1  conjecture  that  some  traces  of  it  may  still 
be  found. 

The  first  specimen  bears  this  label:  "Found  loose  in  quantities 
on  the  top  of  highest  of  the  three  heaps  or  peaks  at  summit  of 
Tupungato."  It  is  a  block  rather  irregular  in  shape,  one  surface 
being  somewhat  convex  and  the  corresponding  one  concave,  but  the 
dimensions  may  be  roughly  given  as  6x^x4  inches ;  it  is 
slightly  weathered  on  the  older  surfaces  (some  being  fresh  fractures). 
The  rock  is  compact,  except  for  a  few  minute  vesicles ;  in  colour 
a  dull  purplish  brown  or  madder,  and  spotted  with  small  white 
felspars,  the  largest  of  which  vary  from  about  one-tenth  to  one-sixth 
of  an  inch  in  diameter.  Under  the  microscope  we  find  the  minerals 
of  early  consolidation  to  be  (a)  iron-oxide ;  (6)  brown  hornblende, 
not  seldom  fairly  idiomorphic,  very  variable  in  size,  and  sometimes 

*  For  a  summary  of  the  work,  aee  the  Geographical  Journal,  vol.  3A\,  p.  4^^. 
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including  grarD8\6f  felspar  and  of  iron-oxide;  (c)  biotite,  only  in 
a  very  few  *«n-'developed  flakes;  (d)  one  or  two  small  grains  of 
au^ite.  The' 'felspar,  piagioclase,  is  variable  in  size;  inclusiont  are 
inconspi(!ur>ii8 ;  some  of  the  larger  grains  are  broken ;  these  in 
extincrfoir  Agree  best  with  andesine,  but  possibly  oligoclase  may  be 
also. -present ;  a  small  zircon  is  seen,  and  a  few  little  vesicles.  The 
bas^.js'  a  glass  crowded  with  microliths,  probably  felspar,  and 
liiited  with  ferrite.  1'hus  the  rock  is  a  hornblende-andesite. 
.^     I.B  this  block  fulgurites  are  abundant,  commonly  perforating  it, 

/   .bui  occasionally  forming  channels  ou  the  surface.     The  tubes  not 
/-'"•.fieldom  branch  irregularly  and  vary  in  size.     When  fairly  circnlar 

*•'*  in  shape  the  diameter  ranges  from  about  one- fifth  to  one-third  of  an 
inch,  but  the  latter  measurement  is  exceeded  at  a  fork.  The 
irregularity  of  their  course  makes  a  precise  statement  impossible. 
AVhere  the  tube  shows  on  a  broken  surface  we  see  that  it  is  coated 
at  fir8t  with  a  film,  hardly  so  thick  as  the  finger-nail,  of  a  reddish- 
white  or  warm-grey  tint,  over  which  is  a  layer  of  glass  of  a  greenish 
colour,  not  unlike  some  of  the  lighter-coloured  varieties  of  common 
bottle  glass,  and  occasionally  presenting  in  this  respect  and  in 
fracture  a  superficial  resemblance  to  some  varieties  of  olivine. 
This  glass  appears  not  to  form  a  perfectly  regular  coating,  for 
sometimes  it  is  almost  absent,  at  others  it  occurs  in  patches,  the 
thickness  of  which  is  about  one-eighth  of  an  inch ;  while  at  others 
the  tubes  are  almost  choked  by  it,  but  in  the  last  case  it  forms 
an  aggregate  of  separate  clots  rather  than  a  solid  mass;  the 
interstices,  in  many  instances  at  least,  being  due  to  bubbles.  In 
a  section  of  one  branching  tube  the  aggregated  glass  extends  for 
about  two  inches  inwards  from  the  surface  and  for  about  one  inoh 
in  a  transverse  direction  at  a  short  thick  offshoot. 

On  careful  examination  of  the  material  I  came  to  the  conclusion 
that  a  thin  slice  could  not  be  made,  and  that  the  attempt  to  obtain  it 
might  seriously  damage  the  specimen,  so  that  I  have  studied  the 
glass  by  crushing  some  small  fragments  and  examining  the  powder 
under  the  microscope.  The  fragments  vary  in  form,  but  fiattish 
chips  are  not  uncommon,  and  occasionally  they  have  a  rather  fibrous 
structure  ;  curved  surfaces  are  visible,  probably  indicating  the 
former  presence  of  bubbles.  The  glass  now  appears  to  be  of  a  very 
pale-yellow  tint ;  clear,  and  containing  but  few  enclosures.  These 
arc  either  minute  bubbles  or  very  small  flaky  microliths  of  ferrite 
and  opacite. 

In  the  fulgurites  on  a  specimen  of  a  very  similar  rook  (measuring 
about  4x3x2  inches),  which  was  '*  lying  loose  in  quantities  on 
the  summit,"  the  tubes  run  slightly  smaller  than  in  the  last 
specimen;  the  glass  is  similar  in  appearance,  but  just  a  shade  darker 
in  colour.  With  a  strong  lens  many  minute  vesicles,  or  their  broken 
surfaces,  can  be  seen.  Under  the  microscope  the  glass  is  almost  the 
same  as  in  the  other  case,  except  that  it  seems  slightly  more  strongly 
coloured  ;  bubbles  and  definite  flakes  are  perhaps  rather  less 
numerous,  but  here  and  there  are  tiny  brown  patches.  The  white 
film  mentioned  above  occurs  in  specimens  from  both ;  it  appears  to 
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be  a  layer  of  imperfectly  fused  rock,  the  transition  from  this  to  the 
perfect  glass  being  very  rapid.  It  is  more  or  less  opaque,  but  signs 
of  felspar  microliths  can  be  detected.  Evidently  the  rock  was  not 
materially  affected  by  the  lightning  for  more  than  about  a  hundredth 
of  an  inch  beyond  the  fused  part.^ 

The  next  specimen  is  from  the  actual  summit  of  Aconcagua,  which 
was  also  collected  by  Mr.  Vines.  In  the  rock  itself  there  is  nothing 
exceptional,  but  it  is  interesting  as  being  from  the  highest  point  yet 
certainly  reached.  This,  according  to  a  trigonometrical  measurement 
by  Dr.  Giissfeldt,  is  22,867  feet  above  the  sea.*  The  summit  is 
a  square  plateau,  75  paces  each  way,  sloping  slightly  to  the  north. 
But  few  specimens  were  brought  from  the  uppermost  part  of  the 
mountain,  none  of  which  are  scoria.  This  rock  is  no  doubt 
from  a  dyke  or  a  fragment  of  a  flow,  so  that  the  crater  has 
probably  disappeared  even  more  completely  than  from  Tupungato. 
Photographs  show  that  Aconcagua  has  been  greatly  sculptured  by 
meteoric  agencies;  at  least  as  much,  though  on  a  grander  scale,  as 
the  Puy  de  Sancy  in  Central  France.  The  specimen  bears  this 
label  :  ''  Loose  fragment  from  the  summit  of  Aconcagua  ;  all  the 
neighbouring  rock  of  the  plateau,  about  75  yards  square,  appears  to 
be  the  same."  It  is  a  rather  triangular  piece  of  rook,  measuring  from 
5  to  6  inches  along  the  side  and  about  2^  inches  in  the  thickest  part. 
Its  oolonr  is  a  warm  purplish-grey ;  the  old  surfaces  are  rather 
speckled  and  have  weathered  to  a  reddish  or  yellowish  brown  tint; 
small  whitish  felspars  and  a  black  pyroxenic  mineral,  with  possibly 
some  iron-oxide,  can  just  be  detected  by  the  unaided  eye,  and  a  few 
vesicles  are  present.  These  larger  minerals  prove  on  microscopic 
examination  to  be :  (a)  Felspars  rather  variable  in  size,  often  about 
one-fiftieth  of  an  inch  long,  much  as  described  above,  probably 
audesine.  (h)  Hornblendes,  fairly  regular  in  outline,  but  occasionally 
with  blunted  angles  or  a  corrosion  border,  sometimes  even  rounded ; 
pleochroic,  changing  from  pale  greenish-brown  to  a  deep  sienna- 
brown  ;  in  one  or  two  cases  they  form  a  kind  of  skeleton,  owiug  to 
the  inclusion  of  small  irregularly-shaped  felspar  crystals,  (c)  A  few 
grains  or  crystals  of  augite  of  a  pale-brown  tint  inclining  to  green. 
id)  Iron-oxide.  The  base  in  which  these  crystalline  grains  are 
embedded  is  sprinkled  with  opacite  and  clouded  with  ferrite,  being 
apparently  a  slightly  decomposed  glass  ;  it  is  crowded  with  micro- 
liths of  plagioclase,  which  give  rather  small  extinction  angles. 
Hence  the  summit  rock  of  Aconcagua  is  a  hornblende  -  andesite. 
This  determination  is  fully  confirmed  by  a  chemical  analysis,  which 
has  been  made  for  me  in  the  Chemical  Laboratory  of  University 

*  FulguritM  from  Mont  Blanc  and  from  Monte  Viso  (collected  by  Mr.  J.  Eccles) 
have  be«n  described  and  figured  by  Mr.  F.  Rutley  (Quart.  Journ.  Geol.  Soc, 
Tol.  xli,  p.  152,  and  vol.  xlv,  p.  60)  ;  also  (in  a  serpentine)  by  Miss  E.  Aston  and  the 
present  writer  (id.,  vol.  lii,  p.  4.52). 

*  Two  peaks  of  greater  elevation  in  the  Himalayas  are  said  to  have  been  climbed, 
but  in  each  ca»e  much  doubt  exists  as  to  the  accuracy  of  the  itleutiUcalion.  Pending 
the  determination  of  the  heights  lately  reached  in  the  Bolivian  Andes  by  Sir 
M.  Conway,  and  perhaps  in  any  Ciise,  Aconcagua  is  the  highest  peak  which  has 
be«ii  certainly  scaled. 
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College  (Lnadon)  by  B.  W.  Gray,  Esq.,  to  whom  I  return  my  sinoerfl 
thaakB.    The  following  is  the  composition : — 


Si  0,     ...        . 

... 

P,Os     ...         . 

Al,()j    ...        . 

Fe,0,    ...        . 

F?0      ...        . 

NnO     ...        . 

CaO     ...       . 

MgO     ...        . 

K,0      ...        . 

H«,0    ...        . 

H,0      ...        . 

Loaa  on  h«>tiDg  to  IQO  C 

SpeciecBraritr 

II.- 


Bj  Sir  Hemky  n.  HowoKTH,  K.C.I.E.,  M.P.,  F.E.S.,  F.G.S. 

(PLATE  I.) 

IF  tLe  paper  on  the  recent  geology  of  Sweilen  which  hu 
alrendy  appeared  m  the  Gbological  Maoazinb'  ib  Bound 
in  argument  (and  I  bave  not  luet  anyone  yet  who  baa  answered 
it),    it    follows   that  the    views  ordinarily   current  in    regard  to 
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Bopposed  to  have  carried  erratioa  to  the  CarpathiaDS  oa  the  one 
band  and  to  Britain  on  the  other.  They  would  all  have  been  swept 
away  or  their  stratification  destroyed.  So  would  the  vast  and 
mysterious  ^ar,  the  kamesi  eta,  of  whose  aqueous  origin  it  seeuis 
impossible  to  doubt. 

UeDce  the  Swedish  geologists  have,  without  exception,  put  their 
great  submersion  after  their  Glacial  Period,  just  as  their  submergence 
is  pat  by  the  American  geologists  after  theirs. 

Ijet  us  now  see  what  follows  from  this.  In  the  first  place,  as 
I  argued  in  a  previous  paper,  following  in  the  wake  of  Pettersen,  the 
tmoothed  and  polished  faces  of  rock  and  the  hummocky  islands  on  the 
coasts  of  Scandinavia,  which  have  been  so  very  generally  accepted 
as  presenting  the  moot  palpable  traces  of  ice  action,  are  much  more 
likely  to  have  been  the  result  of  the  wearing  of  the  tide  armed  with 
gravel,  or  stones,  or  shore  ice.  Pettersen  seems  to  me  to  have 
clearly  shown  that  this  was  the  cctse  on  the  Norwegian  coast,  and 
I  believe  it  to  have  been  equally  so  on  the  Lofoden  Islands.  We 
cannot  suppose  that  these  rocky  faces  and  surfaces  should  have  been 
exposed,  as  they  must  have  been,  to  submarine  action  and  erosion  for 
<ilung  time  (as  is  evidenced  by  the  mollusca  in  the  raised  beaches) 
without  having  been  smoothed  and  mammillated  as  they  are.  The 
string  of  islands  which  fringe  the  Norwegian  coast,  the  similar 
islands  in  the  Christiania  Fiord,  the  Malar,  and  the  Aland  archipelago, 
all  seem  to  me  to  have  one  aspect,  the  same  as  the  archipelago  of 
islands  north  of  America,  which  have  recently  emerged  from  the 
s^  and  their  aspect  seems  due  to  the  like  cause ;  and  I  cannot 
Separate  the  inland  smoothed  rocks  of  Sweden  situated  in  a  region 
which  has  been  unmistakably  submerged  from  the  same  category. 

If  this    be    so,   a  fortiori  must  we  attribute   the  striations   and 
scratchings  upon  these  same  smoothed  rocks  to  the  handiwork  of 
Some  force  acting  during  or  since  the  submergence.      It  is  incon- 
ceivable that  these  scratches  and  striae  should  have  survived  the 
wear  and  tear  of  a  submergence  in  these  tempestuous  latitudes  for 
a  long  period,  and  the  grating  and  rubbing  of  shingle  and  gravel 
and  shore  ice.     I  cannot,  in  fact,  see  how  the  scratches  and  stride  on 
the  walls  of  the  fiords  in  Norway,  which  have  been  so  frequently 
quoted  as  proofs  of  the  handiwork  of  an  ice-sheet,  can  have  been  the 
work  of  any  ice-sheet  that  was  active  before  the  great  submergence ; 
and,  as  we  have  seen,  it  is  only  before  the  submergence  that  we 
have  any  warrant  for  believing  in  such  an  ice-sheet  at  all.     It  is  not 
only  that  the  sea  must  have  worn  away  all  such  minute  marks,  hut 
we  actually  have  evidence  that  it  cut  back  the  rocks,  forming  a  series 
of  recessed  terraces  called  strandlinier,      Uow  could  glacial  striee 
survive  a  cutting  back  like  this  ? 

In  regard  to  the  long  strisB  which  traverse  the  Dovrefelds  for 
many  miles,  and  often  run  athwart  their  line  of  drainage,  it 
seems  impossible  to  understand  how,  if  the  ice  culminated  on  the 
fells  and  moved  outwardly  in  various  directions,  it  could  have  cut 
and  scored  these  straight  long  striaa  and  incisions.  These  striae, 
running  in  straight  lines  right  across  the  watershed  of  the  country, 
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cannot  be  separated  from  the  aberrant  course  followed  by  many  of 
the  Swedish  boulders,  and  described,  inter  alioSf  by  Professor  James 
Geikie  in  the  following  paragraph.  He  says :  **  Dr.  Tomebohm 
and  Professor  Hogbom  have  shown  that  the  glacier-carried  erratics 
of  Jemtland  demonstrate  that  the  ice  has  passed  from  east  to 
west — that  is,  right  against  the  slope  of  the  land  ;  and,  according  to 
Keilhan,  similar  blocks  which  could  only  have  come  from  Sweden 
are  now  found  in  Trondhjems  Fiord ;  while  Pettersen  has  recorded 
similar  facts  in  connection  with  the  glacial  phenomena  of  Northern 
Norwa}'.  The  most  remarkable  circumstance  in  connection  with 
some  of  these  blocks  consists  in  the  fact  that  they  occur  at  a  con- 
siderably greater  height  than  the  rock  from  which  they  have  been 
derived.  Thus,  at  Areskutan,  Tornebohm  found  blocks  at  a  height 
of  4,500  feet  which  could  not  possibly  have  come  from  any  place 
higher  than  1,800  feet."     (**  Great  Ice  Age,"  3rd  edition,  p.  424.) 

I  cannot  understand  the  process  by  which  these  strisa  are  supposed 
to  have  been  made,  and  these  blocks  to  have  been  moved,  by 
a  great  ice- sheet  culminating,  not  on  the  mountains,  but  in  the  low- 
lands far  away  to  the  east  of  the  mountains,  and  moving,  not  along 
the  lines  of  easiest  descent  and  of  least  resistance,  but  marching 
right  across  the  high  range  of  mountains.  It  seems  to  me  as  likely 
a  process  as  that  the  Rhone  glacier  should  have  climbed  up  Mont 
Blanc  in  preference  to  flowing  down  the  Ehone  valley  ;  and  the 
phenomena  in  question  seem  to  me  to  be  only  consistent  with 
a  great  and  serious  alteration  in  the  surface  contour  of  the  country, 
accompanied  by  some  widespread  diluvial  movement  either  after 
or  coincident  with  the  making  of  the  strisB  and  dispersion  of  the 
boulders. 

Let  us  now  turn  to  other  characteristics  of  the  boulders  and 
erratics,  which  are  such  a  prominent  feature  in  the  surface  beds  of 
Sweden  and  Norway.  The  Northern  Glacial  geologists  differ  from 
our  own  in  one  important  particular,  namely,  in  discriminating 
between  the  different  materials  which  form  their  surface  beds. 
They  would  be  surprised  if  they  came  to  England  and  saw  how 
it  is  the  fashion  here  to  describe  as  glacial,  beds  consisting  entirely 
of  rolled  gravels  or  boulders,  often  intercalated  with  pockets  and 
layers  of  stratified  sands  and  false-bedded  brickearths :  beds  quite 
different  to  true  moraine  materials,  which  are  heterogeneous,  un- 
sorted,  and  consist  of  a  mixed  mass  of  mud,  sand,  and  stones,  chiefly 
angular  and  unrolled. 

In  Sweden  the  rolled  and  rounded  gravels  and  boulders  are 
directly  attributed  to  the  action  of  water,  not  water  running  in 
so-called  subglacial  streams,  which  by  our  geologists  are  supposed 
capable  of  travelling  to  and  fro  everywhere,  irrespective  of  the 
contour  of  the  country,  but  to  submarine  submergence.  I  cannot 
understand  how  these  millions  of  boulders  of  all  sizes  and  materials 
should  have  been  manufactured  in  the  transcendental  and  largely 
imaginary  boulder  mills  which  are  postulated  as  having  underlaid 
the  ice-sheet.  A  great  proportion  of  them  are  composed  of  rocks 
which  are  not  found  rising  and  beetling  above  the  general  level  of 
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the  coantryy  but  whiob  must  have  been  deeply  covered  by  tba 
ioe-sheet,  if  it  ever  existed ;  and  as  I  am  no  believer  in  what  the 
Americans  call  the  plucking  theory,  or  the  tooth-drawing  theory 
as  Professor  Bonney  calls  what  he  so  ably  denounces,  I  consider 
this  a  fatal  objection  to  the  subglacial  formation  of  such  boulders. 
Nor  can  the  enormous  masses  of  rock,  as  large  as  small  houses, 
whose  rounded  angles  clearly  testify  to  their  having  been  rolled, 
be  conceived  as  rolled  by  any  subglacial  streams  on  this  side  of 
Saturn !  These  rolled  boulders  seem  to  me  to  testify  most 
completely  to  the  handiwork  of  the  sea  during  a  widespread 
submergence,  a  submergence  which,  as  we  have  seen,  is  postulated 
by  every  inquirer  into  Scandinavian  geology,  native  and  forei^^n, 
who  has  explored  the  country.  1  take  it,  in  fact,  that  these  rolled 
boulders  and  pebbles  were  made  by  the  same  force  and  at  the 
same  time  as  the  rock  surfaces  of  Scandinavia  were  polished  and 
mammillated. 

The  Swedish  geologitnts  do  not  treat  these  rolled  boulders,  and  the 
beds  in  which  they  chiefly  occur,  as  glacial,  but  as  water-worn  and 
arranged  by  water,  and  notably  is  this  the  case  in  the  great  deposits 
of  them  found  in  the  ^ar,  eskers,  etc. 

What  the  Swedes  treat  as  moraine-stuff  is  the  accumulation  in 
certain  places  of  masses  of  angular  debris,  mixed  with  sand  or  loam, 
which  occur  in  certain  limited  areas  and  which  have  the  internal 
structure  of  moraines. 

It  is  a  curious  and  eloquent  fact  that  whereas  these  two  sets  of 
deposits  generally  occur  separately,  they  also  sometimes  occur  mixed, 
and  they  occur  mixed  iu  deposits  like  the  asar,  which  seem  un- 
mistakably to  be  of  aqueous  origin.  Whatever  the  ultimate  origin 
of  these  accumulations  of  angular  or  subangular  materials,  they 
would  appear,  therefore,  to  have  existed  when  the  submergence 
was  still  in  operation.  If,  however,  they  had  existed  throughout 
the  period  of  submergence,  how  is  it  they  have  not  been  sorted  into 
different  materials,  according  to  their  specific  gravity,  and  how  is 
it  the  stones  have  not  been  rolled  into  boulders  and  had  their  e<l():es 
rounded  ?  I  cannot  see  how  the  Swedes  get  over  this  dilemma. 
They  clearly  put  their  Glacial  Period,  to  which  they  attribute  these 
so-called  moraine  heaps  and  mounds,  before  their  great  submergence. 
How,  then,  did  these  materials  esciipe  being  water- worn  ? 

According  to  the  view  I  have  maintained,  these  angular  stones  and 
blocks,  which  occur  in  such  vast  numbers  in  certain  districts,  like 
Dilecarlia,  are  the  direct  result  of  the  breaking  of  the  strata  into 
fragments,  when  the  district  of  Central  Sweden  was  violently  up- 
heaved, and  the  waters  which  then  covered  a  large  part  of  it  and 
of  Finland  were  scattered  and  driven  in  all  directions.  In  such 
a  case  there  would  be  no  rounding  or  rubbing  of  the  angular  debris. 
The  same  waters  which  piled  up  the  rounded  boulders  into  mounds 
and  heaps  would  pile  these  up  also,  and  in  cases  where  the  two 
were  in  proximity  to  one  another  they  were  inevitably  mixed. 

Let  us  now  turn  to  another  point,  namely,  the  traction  and  move- 
ment of  the  very  large  blocks.     This  is  a  subject  of  great  difficulty 
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to  most  geologists,  and  makes  many  of  them  accept  the  extreme 
glacial  view.  They  fancy  that  ice,  and  ice  only,  is  the  possible 
motive  engine  of  the  stones.  The  fallacy  of  this  argument  is  well 
tested  in  Scandinavia. 

The  one  thing  which  perhaps  has  struck  me  more  than  any  other, 
in  travelling  through  those  parts  of  Central  Sweden  where  the  great 
stones  occur  most  frequently,  is  the  fact  that  we  cannot  separate 
thorn  from  the  beds  of  stratified  sand,  the  ^sar,  etc.,  which  occur 
there,  and  are  so  clearly  of  aqueous  origin.  This  provenance  of  many 
of  the  boulders  is  not  disputed.  Thus  Professor  Geikie  says : 
*'  Erratic  blocks  are  frequently  found  perched  upon  the  top  of  an 
^8,  or  plentifully  sprinkled  along  its  sides,  and  sometimes  also  they 
oucur  in  the  interior,  especially  towards  the  top  or  the  base."  Again, 
he  says :  **  Frequently  the  shelly  clays  exhibit  disturbed  and  con- 
torted bedding,  and  they  often  contain  erratics."  And  further : 
'*  The  beds  next  in  succession  consist  of  marl  clay,  sand,  and  gravel. 
They  contain  numerous  shells  of  Baltic  species,  and  large  erratics 
often  rest  upon  them." 

I  have  myself  verified  this  fact  in  various  parts  of  Sweden,  and 
notably  in  the  case  of  the  ^sar  and  mounds  north  of  Upsala,  whose 
backs  are  strewn  with  great  boulders.  How  can  we  account  for  the 
moving  of  these  great  stones  by  ice?  The  postulated  ice-sheet, 
according  to  the  Swedish  geologists  and  those  who  have  written 
on  the  subject  from  personal  knowledge  of  the  country,  had  passed 
away  long  before  these  stratified  sands  and  dsar  were  laid  down. 
It  is  impossible,  therefore,  to  attribute  the  planting  of  the  stones  on 
their  very  backs  to  the  operations  of  an  ice-sheet.  If  they  were  not 
carried  and  deposited  by  the  ice-sheet  it  is  still  more  difficult  to 
understand  how  they  could  have  been  moved  by  icebergs  or  ice-rafts. 
Icebergs  are  only  the  calves  of  glaciers.  The  only  stones  they 
carry  are  the  stones  carried  by  the  glaciers.  Now,  glaciers  do  not 
have  great  masses  of  stone  of  the  size  of  huts  frozen  into  their  feet, 
and  it'  they  had  they  could  not  roll  them  along  so  as  to  rub  off  their 
angles  as  these  great  blocks  are  rubbed.  If  they  had  been  carried 
on  tho  glaciers'  backs  they  would  be  quite  unweathered  and  angular. 
Apart  from  this,  the  stones  themselves  come  from  districts  which 
could  not  at  the  time  of  the  great  submergence,  when  these  sup- 
posed icebergs  were  floating  about,  have  been  exposed  to  the  air, 
but  must  have  been  deeply  covered  with  water.  The  water  must, 
in  order  to  deposit  these  stones,  have  covered  the  tops  of  the  ^nars 
themselves  many  fathoms  deep.  If  this  were  so,  how  could  icebergs 
or  ice-rafts  pick  up  the  stones  at  all  ?  People  who  talk  of  icebergs 
and  ice-rafts  in  this  fashion  should  visit  the  country  and  see  where 
the  beds  lie  in  aitH,  in  Daleoarlia,  whence  the  big  stones  have  mainly 
come,  and  they  will  realize  how  impossible  and  fantastic  the  notion 
is,  that  either  an  ice-sheet,  or  icebergs,  or  ice-rafts  could  have  moved 
them  from  their  original  homes  to  where  they  are  now  found  in 
Sweden.  Ice  in  any  form,  therefore,  seems  quite  a  transcendental 
cause  to  appeal  to  for  the  transport  and  deposition  of  these  blocks, 
and  if  we  put  ice  aside,  then,  as  1  have  said  over  and  over  again, 
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there  is  only  one  force  wbioh  seems  competent  to  account  for  the 
portage  In  question,  and  which  also  accounts  for  the  other  correlated 
phenomena,  and  that  is  water  on  a  great  scale  moving  rapidly — 
such  a  mass  of  water  as  would  be  sped  along  if  North  Central 
Sweden  were  to  be  rapidly  upheaved  and  discharge  in  all  directions 
the  waters  that  once  covered  it. 

Another  word  with  regard  to  the  distribution  of  these  stones.  If 
we  want  a  good  test  of  whether  a  large  mass  of  scattered  angular 
boulders  or  erratics  were  distributed  by  land-ice  or  water,  we  shall 
find  it  in  this  fact,  that  whereas  water  in  moving  along  sorts  out 
the  stones  it  carries,  according  to  their  weight  and  size,  dropping 
the  big  ones  first  and  the  lesser  ones  afterwards,  a  mass  of  moving 
ice  like  a  glacier  does  not  sort  them  at  all  ;  it  carries  on  its  broad 
back  a  stone  as  big  as  a  house  just  as  eat^ily  and  just  as  far  as  it 
carries  a  pebble.  This  can  be  tested  in  any  Alpine  valley.  Now, 
if  we  apply  this  test  to  Scandinavia,  we  must  conclude  that  the 
stones  were  carried  by  water;  a  few  very  big  ones  were  no  doubt 
carried  a  long  way,  as  they  would  naturally  be  by  a  vast  torrential 
flooil,  but  the  great  mass  of  them  are  arranged  roughly  according 
to  their  specific  gravity,  getting  smaller  as  we  go  farther  away  from 
their  place  of  origin. 

Let  us  now  turn  to  another  feature  of  the  so-called  glacial  deposits 
of  Sweden  which  seems  to  me  quite  inconsistent  with  the  so-called 
ice-sheet  theory.  This  is  the  distribution  of  the  marls  and  limey 
clays,  of  which  a  beautiful  map  has  been  published  by  the  Swedinh 
surveyors.  If  we  examine  them,  and  also  note  the  blocks  of  Baltic 
limestone  which  occur  in  Sweden,  we  sliall  find  that  we  establish 
at  least  two  centres  of  distribution  :  one  from  the  Silurian  lime- 
stones of  Gothland,  notably  from  the  district  of  which  Kinnekulle 
is  the  focus,  and  the  other  in  the  district  north-east  of  the  Miliar 
lake,  from  which  the  limestone  has  apparently  been  recently  and 
violently  stripped,  leaving  only  a  small  insular  jiiece  near  Gefle,  but 
of  which  the  remains  both  in  the  form  of  powdered  limestone  and  of 
blocks  and  boulders  occur  over  a  wide  area. 

What  I  am  urging  is,  that  anyone  who  will  examine  the  two  areas 
just  named,  where  the  Silurian  debris  occurs,  will  realize  how 
desperately  difficult  or  impossible  it  is  to  account  for  this  particular 
phenomenon  by  ice  action  of  any  kind,  and  how  unmistakably  it 
points  to  a  great  breakage  of  the  surface  and  the  distribution  of  the 
debris  by  water. 

it  seems  to  me  that  whenever  we  apply  a  really  critical  analysis 
to  the  separate  facts  and  factors  of  the  problem  as  presented  by  the 
surface  of  Scandinavia,  we  are  met  by  the  same  stupendous  diffi- 
culties in  attributing  them  to  ice  action.  Nor  would  the  idea 
have  dominated  men  as  it  has  if  they  had  not  for  so  long  done 
homage  to  the  Baal  of  a  spurious  Uniformity  and  the  notion  that 
Nature  never  acts  in  a  violent  and  spasmodic  way.  The  great 
argument  of  all,  however,  remains,  and  I  have  pressed  it  in  season 
and  out  of  season.  It  is  not  a  geological  one  but  a  physical  one, 
not  based  on  fantastic  speculation  but  upon  precise  mechanical  laws. 
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and  that  is  the  impossibility  of  understandiDg  bow  any  ice-sheet 
could  have  existed  in  Scandinavia  of  such  portentous  depth  and 
potency  as  to  force  debris  thence  to  the  Carpathians  on  the  one  hand 
and  to  Holland  and  Britain  on  the  other. 

All  the  evidence  I  know  points  to  Scandinavia  being  higher  now 
than  it  was  in  so-called  Glacial  times,  and  points  to  its  having  risen 
at  least  600  feet  since  the  drift  was  distributed,  and  we  have  no 
evidence  that  I  know  of  that  it  was  ever  higher  than  it  is  now.  As 
it  is,  the  elevation  of  the  Dovrefelds  is  so  moderate  that  it  is  im- 
possible to  understand  their  nursing  a  great  ice-sheet.  In  fact,  we 
know  that  such  an  ice-sheet  never  covered  their  higher  parts  or  those 
of  the  Lofodens,  for  they  are  rugged  and  not  smootlied  by  ice. 
Pettersen  has  proved  as  clearly  as  can  be  that  whatever  ice  was 
upon  them  in  so-called  Glacial  times  could  not  drive  the  stones  even 
as  far  as  the  string  of  islands  down  the  Norwegian  coast.  It  is 
incredible,  therefore,  to  suppose  that  any  ice  they  supported  could 
have  driven  the  stones  right  away  to  Smolensk  or  to  Brunswick. 
The  contention  that  it  did  so,  which  is  repeated,  parrot-like,  by  one 
writer  after  another,  seems  to  me,  in  the  absence  of  some  evidence 
of  its  physical  possibility,  completely  childish. 

But,  as  I  have  before  remarked,  the  majority  of  the  stones,  and 
notably  those  found  in  Britain,  did  not  even  come  from  the  Dovre- 
felds or  the  higher  parts  of  Scandinavia,  but  from  the  lowlands  on 
the  borders  of  Viken  and  the  undulating  plains  of  Central  Sweden. 
A  fortiori  it  is  impossible  to  understand  how  any  ice-sheet  could 
have  taken  np  the  stones  there  and  carried  them  to  where  they 
are  found. 

The  arguments  I  have  used  in  this  and  the  preceding  papers 
have  been  entirely  or  almost  entirely  geological.  There  remains, 
however,  another,  which  I  will  only  shortly  refer  to,  namely,  that 
based  on  the  biological  evidence. 

According  to  the  glacialist,  the  whole  of  Scandinavia  was  covered 
with  ice  for  a  long  period,  and  this  ice,  radiating  from  that  peninsula, 
extended  for  hundreds  of  miles  south  of  the  Baltic.  During  this 
period  we  are  to  believe  that  the  whole  fauna  and  flora  of  this 
immense  region  was  completely  extirpated,  or  rather  migrated, 
f^oodness  knows  how  and  goodness  knows  whither.  When  the 
ice  had  disappeared  it  is  supposed  to  have  gone  back  again  un- 
changed and  unaltered.  This  monstrous  paradox  has  been  widely 
believed  in  by  geologist^),  and  been  passed  on  by  them  to  the 
zoologists  and  the  botanists. 

I  tried  to  show  in  a  former  paper  how  this  theory,  which  had 
also  been  applied  to  Greenland,  was  quite  at  issue  with  the  evidence 
available  from  that  much  more  northern  land,  and  I  have  no  doubt 
my  self  that  in  Scandinavia  also  the  theory  of  the  extermination  of 
all  plants  and  animals  during  the  Drift  period  and  their  reintro- 
duction  afterwards  is  just  as  fantastic.  I  do  not  know  of  a  tittle  of 
evidence  in  favour  of  the  view  here  condemned  except  and  beyond 
the  mere  fact  that,  if  the  glacial  theory  as  usually  taught  be  sound, 
it  necessarily   involves  adding    this    most    tremendous    hypothesis 
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to  it  and  to  our  geological  creed.  To  those  who,  like  myself  (if 
there  be  any),  who  utterly  repudiate  the  glacial  theory,  there  is  no 
such  necessity.  I  do  not  believe  that  the  animals  and  plants  of 
Scandinavia  were  entirely  driven  out  and  sought  shelter  in  some 
unknown  region,  perhaps  in  Jermyn  Street  or  the  University  of 
Edinburgh,  and  that  they  returned  again  in  all  their  fulness  and 
completeness,  without  variation  and  change,  to  reoocupy  their  old 
country. 

I  believe,  on  the  contrary,  that  the  animals  and  plants  of 
Scandinavia  are  directly  descended  from  their  ancestors,  who  lived 
in  the  same  country  before  the  distribution  of  the  drift,  and  that 
they  have  lived  an  unbroken  life  there  since.  A  few  species  were 
doubtless  destroyed  by  the  revolution  which  distributed  the  drift ; 
a  few  have  probably  disappeared  from  the  natural  decay  that  goes 
on  everywhere  among  species  as  among  individuals.  The  uplifting 
of  Scandinavia  to  600  feet  or  more  may  have  caused  the  disappear- 
ance of  others,  or  their  migration  to  lower  levels,  but  in  the  main 
and  substantially  there  has  been  no  break  in  the  continuous  animal 
and  vegetable  life  in  Scandinavia.  The  diluvian  movement  in 
which  I  believe,  and  whose  handiwork  I  have  tried  to  describe, 
doubtless  caused  temporary  desolation  in  those  districts  over  which 
it  passed,  but  it  did  not  pass  everywhere,  and  those  localities  wliich 
were  depopulated  temporarily  were  presently  occupied  by  colonists 
from  other  localities  which  bad  escaped  the  scourge.  This  is  my 
view,  and  assuredly  if  science  is  based  upon  the  discovery  of  rational 
and  adequate  explanations  of  the  economy  of  nature,  the  biologitial 
argument  here  used  must  weigh  a  great  deal  in  deciding  the 
problem.     I  only  use  it,  however,  as  a  subsidiary  argument. 

Let  us  now  consider  a  subordinate  problem  with  which  the  one 
I  have  discussed  in  this  and  the  previous  paper  is  closely  bound 
up,  namely,  the  so-called  Baltic  Glacier.  The  Baltic  is  a  great 
stumbling-block  to  the  extreme  glacial  men.  This  vast  trough 
intervening  between  Scandinavia  and  Germany  and  Russia,  offers 
a  stupendous  difficulty  to  any  glacial  geologist  (if  there  be  one) 
who  takes  notice  of  ordinary  mechanical  and  physical  laws. 

The  Scandinavian  debris  which  is  found  in  North  Germany  as  far 
as  the  Carpathians  is  supposed  to  have  been  carried  thither  by 
a  vast  ice-sheet,  which  first  traversed  the  Baltic  right  athwart  its 
length.  Neglecting  all  the  usual  methods  adopted  by  moving 
liquids  and  viscous  substances,  having  found  itself  in  this  trough 
it  did  not  discharge  itself  by  following  the  path  of  least  resistance 
but  climbed  the  steep  bank  on  the  further  side.  How  this  is  to  be 
explained  I  confess  I  do  not  know,  and  those  who  are  responsible 
for  the  postulate  have  never  tried  to  explain  it;  but  this  is  not  all. 
The  boulders  which  this  ice-sheet  is  supposed  to  have  carried  to 
Central  Germany  and  to  Britain  are  not  angular  boulders,  such  as 
glaciers  carry  on  their  back,  but  are  for  the  most  part  rounded  or 
subangular,  and  according  to  the  Glacial  champions  were  moved 
along  by  the  ice-sheet  under  itself  in  the  form  of  what  is  called 
a  moraine  prof onde  (a  thing  which  is  quite  incomprehensible  to  me). 
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Now,  granting  the  possibility  of  a  moraine  profonde,  as  understood 
and  postulated  by  the  Glacial  champions,  how  are  we  to  explain 
this  action  of  the  ice?  Ice  is  not  a  rigid  substance  but  a  viscous 
one ;  when  a  viscous  body,  in  moving  along,  meets  with  a  deep 
depression,  it  does  not  move  down  into  the  hollow  and  up  again 
on  tlie  other  side,  but  it  fills  up  the  depression. 

Now,  granting  that  a  great  ice-sheet  came  down  from  Sweden 
towards  Germany,  dragging  along  with  it  and  underneath  it  the 
postulated  moraine  profonde,  when  it  reached  the  Baltic  trough  it 
would  pour  down  into  it  and  fill  it  just  as  water  fills  a  hole  in 
a  river  bottom,  and  having  filled  the  hollow  it  would  become 
embayed  in  it  The  ice  coming  on  behind  would  then  flow  over 
the  embayed  ice,  which  would  remain  as  quiescent  and  unmoved 
as  I  believe  the  water  in  deep  pits  in  a  river  bed  is ;  but  what 
about  the  moraine  profonde  (that  unverified  postulate  of  the  wilder 
glacialists)  ?  What  would  become  of  it?  If,  as  we  are  told,  an 
ice- sheet  can  drag  a  moraine  profonde,  consisting  of  loose  materials 
niauy  scores  of  yards  thick,  along  with  it  over  a  rocky  bottom,  are 
we  further  to  believe  that  it  could  do  so  over  another  ice-sheet  as 
long  as  the  Baltic  is  wide,  and  thus  carry  its  stony  load  safely  into 
Germany  and  Russia?  Why,  Mr.  Maskelyue  and  all  his  confreres 
are  nothing  to  these  wonderful  wizards,  who  are  responsible  for 
teaching  a  noble  science  to  the  ingenuous  youth  of  the  closing  years 
of  this  century  of  marvels. 

The  glacial ist  apparently  argues,  however,  that  the  ice  would  not 
be  embayed  in  this  fashion,  but  would  move  on  without  any 
difficulty  down  and  up  again  and  right  across  the  great  depression, 
being  impelled  by  the  force  behind  it  in  some  unexplained  way, 
and  would  carry  its  moraine  profonde  along  with  it.  This  presents 
another  difficulty:  if  the  ice  were  not  embayed,  the  stones  surely 
would  be ;  they  would  be  caught  in  the  hollow  and  accumulate  in 
it  until  that  hollow  was  filled  up  level  with  the  top  of  the  bank 
on  either  side.  But  the  Baltic  is  not  full  of  stones ;  it  is  full  of 
water :  hence  the  dilemma  is  twofold. 

I  am  bound  to  be  quite  candid  and  to  say  that  a  similar  difficulty 
a{)p1ies  to  the  aqueous  distribution  of  the  Scandinavian  bouldera 
over  the  plains  of  Germany.  Water  rolling  along  loaded  with 
stones  would  inevitably  drop  its  burden  into  the  first  ditch  it  rushed 
athwart  and  fill  it  up,  and  the  Baltic  for  our  present  purpose  is  only 
a  big  ditch.  How,  then,  comes  it  to  be  filled  with  water  instead  of 
being  choked  up  with  drift? 

This  difficulty  compels  those  among  us  who  do  not  approve  of 
appealing  to  causes  until  we  have  tested  their  competency,  to  try 
to  offer  some  explanation.  The  explanation  I  would  offer  is,  that 
the  history  of  the  Baltic  depression  has  been  very  generally 
misunderstood.  Instead  of  being  in  its  present  form  an  old  feature 
in  physical  geography,  one  part  of  it  is  in  fact  a  recent  one,  namely, 
that  part  which  runs  east  and  ^west  to  the  south  of  Sweden  and  to 
the  north  of  West  Prussia  and  Mecklenburg.  I  have  been  satisfied 
for  some  time,  and  I  find  that  the  view  has  been  urged  in  Germany 
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by  at  least  one  geologist  of  repute,  that  the  east-and-weBt  section  of 
the  Baltio,  together  with  the  Sounds  between  the  Danish  islands, 
are  in  fact  Tery  reoent  features  geologically  speaking.  It  is  very 
probable  tbat  when  the  Drift  was  distributed  they  did  not  exist 
at  all,  at  all  events  in  the  place  where  we  now  find  them,  but  that 
a  oontinoona  land  surface  connected  Scania  and  Denmark  with 
Mecklenburg  and  Poroerania. 

I  hope  to  discuss  this  issue  and  the  consequences  dependent  on  it 
on  a  later  occasion.  The  present  paper  concludes  what  I  have  to 
«ay  in  criticism  of  the  Olacial  theory  as  applied  to  Norway  and 
Sweden,  and  until  some  one  tries  to  answer  what  I  have  urged 
I  shall  conclude  that  it  is  unanswerable,  which  is  not  an  unsound 
position  for  a  heretic  to  take. 


III. — The  Origin  of  Mammals.' 
By  Professor  0.  C.  Marsh,  M.A.,  Ph.D.,  LL.D.,  F.G.S. ; 

THE  question  6is  to  the  origin  of  mammals  is  not  new,  but  one  of 
a  series  of  similar  nature  and  difficulty.  The  origin  of  Birds, 
of  Reptiles,  of  Amphibians,  and  of  Fishes  really  precede  it,  and  offer 
less  difficulties  in  solution.  The  answer  to  each,  in  my  opinion, 
belongs  to  the  future,  and  how  far  it  may  profitably  be  sought  in  the 
present  limited  state  of  our  knowledge  is  a  fair  question  in  itself. 

Too  often  in  the  past,  a  discusHion  on  the  origin  of  Mammals  has 
seemed  a  little  like  the  long  j)liilo8opliico-theologieal  controversies 
ill  the  Middle  Ages  about  the  exact  position  of  the  soul  in  the  human 
lx>«ly.  No  conclusion  was  readied,  because,  for  one  reason,  there 
were  no  facts  in  the  case  that  could  settle  the  question,  while  the 
methods  of  investigation  were  not  adapted  to  ensure  a  satisfactory 
answer.  This  discussion  has  been  on  a  much  higher  plane,  and 
we  have  had  an  admirable  presentation  of  one  side  of  the  case. 
I  cannot,  however,  quite  agree  as  to  the  value  of  tlie  facts  and 
theories  that  have  been  presented,  and  shall  consider  the  question 
from  another  point  of  view. 

The  Mammals,  as  we  know  them  to-day,  are  classed  by  themselves, 
yet  contain  such  diverse  groups  that  it  may  fairly  be  regarded  an 
open  question  whether  all  have  a  common  origin.  The  attempt  to 
ascertain  whence  they  came  is  likely  to  bring  out  indications  that 
they  may  have  had  several  sources  of  origin,  and  this,  if  so,  may  help 
to  explain  the  great  diversity  among  them. 

It  is  of  course  evident  that  some  of  the  most  characteristic  features 
of  recent  mammals — for  example,  the  hairy  covering,  the  circulatory 
system,  and  the  milk  glands — cannot  be  used  in  a  comparison  with 
fossil  forms.  The  osseous  structure  only  is  now  available  in  the 
early  mammals  and  other  vertebrates,  and  in  this  alone  points  of 
resemblance  must  be  found  if  different  groups  are  connected 
genetically. 

'  Remarks  in  the  general  discussion  on  the  Oriirin  of  Mammals  at  the  International 
CoDgresi  of  Zoology,  Cambridge,  England,  Auguut  25,  1898. 
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In  consideriug  the  relations  of  reptiles  to  mammals  so  far  as  the 
fossil  forms  are  concerDed,  wliich  seems  to  be  the  main  question 
now  before  us,  I  have  only  time  to  speak  of  the  skull,  and  shall 
refer  to  some  of  its  salient  features  already  mentioned  in  this  dis- 
cussion ;  namely,  the  teeth,  the  squamosal  bone,  the  quadrate,  the 
occipital  condyles,  and  with  them  the  lower  jaw.  These  perhaps 
may  serve  as  crucial  points  in  distinguishing  the  skull  of  a  reptile 
from  that  of  a  mammal,  even  if  they  fail  to  indicate  a  near  affinity 
between  them. 

The  different  kinds  of  teeth  seen  in  the  reptiles  regarded  as 
mammalian  in  type  I  consider  of  comparatively  small  importance, 
for  the  reason  that  the  same  general  forms  of  teeth  are  to  be  found, 
not  merely  in  the  reptiles  supposed  to  be  nearest  to  mammals,  but 
also  in  other  groups  widely  different.  In  the  Crocodiles,  for 
example,  the  extinct  genus  Notosuchus,  recently  discovered  in 
Patagonia,  has  all  three  kinds  of  teeth  well  distinguished.  Again, 
some  of  the  Dinosaurs,  especially  the  genus  Trtceratopa,  have  teeth 
witli  two  roots,  a  supposed  mammalian  character.  In  some  Fishes, 
also  (Anarrhichas),  three  kinds  of  teeth  may  be  seen.  It  is  more 
than  probable,  therefore,  that  the  peculiar  resemblance  between  the 
teeth  of  mammals  and  those  of  the  lower  vertebrates  is  merely  one 
of  parallel  development,  the  adaptation  being  along  similar  lines, 
and  in  no  sense  an  indication  of  genetic  affinity. 

The  great  development  of  the  squamosal  bone  in  Theriodont 
reptiles  is  not  alone,  for  somewhat  similar  proportions  are  found 
in  some  other  reptiles, — for  example,  in  the  Plesiosaurs,  where  the 
squamosal  is  very  large,  and  wrapped  round  the  quadrate.  In  some 
of  the  Dinosaurs,  also  {Toroaaums),  the  squamosal  has  an  enormous 
development,  while  the  quadrate  remains  of  very  modei*ate  size. 

The  quadrate  bone,  always  present  in  Birds,  Reptiles,  and  the 
other  lower  vertebrates,  is  well  known  as  the  suspensorium  of  the 
lower  jaw,  which  meets  it  with  a  concave  ^  articular  face.  The 
quadrate,  however,  appears  to  be  wanting  in  mammals,  or  at  least 
has  not  yet  been  identified  with  certainty. 

What  represents  the  quadrate  bone  in  mammals,  is  a  vexed 
question  in  itself,  and  some  of  the  best  anatomists  in  the  past, 
Cuvier,  Owen,  Peters,  Huxley,  and  others,  have  endeavoured  to 
solve  the  problem.  The  tympanic  bone,  the  incus,  and  the  malleus 
have  each  in  turn  been  regarded  as  the  remnant  of  the  quadrate,  but 
up  to  the  present  time  the  question  has  not  been  settled.  It  is  not 
improbable  that  the  quadrate  may  have  coalesced  with  the  squamosal. 

The  occipital  condyles  of  mammals,  as  well  known,  are  two  in 
number  and  separated  from  each  other.  This  is  not  the  case  with 
any  true  reptile,  although  the  contrary  has  been  asserted.  The 
nearest  approach  appears  to  be  where  there  is  a  single  bifid  condyle, 
cordate  in  shape,  with  the  two  lobes  meeting  below,  as  in  some 
reptiles  and  a  few  birds,  but  not  separate  as  in  mammals  and 
ampliibians. 

Finally,  in  all  known  mammals,  recent  and  extinct,  the  lower  jaw 
is  composed  of  a  single  piece,  and  has  a  convex  condyle  meeting  the 


Frofessor  O,  C,  Marsh — Origin  of  Mammals,  15 

• 

ikiill  by  a  distinct  articulation.  All  reptiles,  even  those  supposed  to 
be  nearest  the  mammals,  have  the  lower  jaw  composed  of  several 
pieces,  and  these  show  distinct  sutures  between  them,  a  profound 
difference  that  must  be  explained  away  before  an  approach  can  be 
made  between  the  two  classes. 

It  may  fairly  be  said  that  the  separate  elements  of  the  lower  jaw, 
if  present,  would  naturally  be  looked  for  in  the  Mesozoic  mammals, 
and  this  point  I  have  long  had  in  mind.  I  may  safely  say  that 
I  have  seen  nearly  every  species  of  Mesozoic  mammal  hitherto 
described,  and  have  searched  for  evidence  on  this  point  without 
success.  I  have  also  sought  for  the  separate  elements  in  the  young 
of  recent  forms,  but  without  finding  any  indications  of  them. 

Besides  the  crucial  points  I  have  mentioned  in  the  skull,  there 
are  others  of  equal  importance  in  the  skeleton,  which  I  must  not 
take  time  to  discuss,  but  will  venture  to  allude  to  one  of  them  in 
passing.  I  refer  to  the  ankle  joint,  which,  when  present,  is  at  the 
end  of  the  tibia  in  mammals,  and  in  reptiles  between  the  first  and 
second  series  of  tarsals.  "When  we  really  find  an  approach  between 
these  two  classes,  the  ankle  joint  will  probably  show  evidence  of  it. 

Having  thus  shown,  as  I  believe,  that  we  cannot  with  our  present 
knowledge  expect  to  find  the  origin  of  mammals  among  the  known 
extinct  reptiles,  and  that  in  attempting  this  we  are  probably  off 
the  true  line  of  descent,  it  remains  to  indicate  another  direction  in 
which  the  quest  seems  more  promising. 

Since  1876,  when  Huxley  visited  me  at  New  Haven,  and  we 
discussed  the  probable  origin  of  both  Birds  and  Mammals,  I  have 
been  greatly  impressed  by  his  suggestion  that  the  mammals  were 
derived  from  ancestors  with  two  occipital  condyles,  and  these  were 
doubtless  primitive  Amphibians.  I  have  since  sought  diligently  for 
the  ancestors  of  birds  among  the  early  reptiles,  with,  I  trust,  some 
measure  of  success,  but  this  is  a  simple  problem  compared  with  the 
origin  of  mammals  which  we  have  before  us  to-day. 

In  various  interviews  with  Francis  Balfour  in  1881,  at  the  York 
Meeting  of  the  British  Association,  we  discussed  the  same  questions, 
and  agreed  that  the  solution  could  best  be  reached  by  the  aid  of 
Embryology  and  Palaeontology  combined.  He  offered  to  take  up 
the  young  stages  of  recent  forms,  and  I  agreed  to  study  the  fossils 
for  other  evidence.  His  untimely  death,  which  occurred  soon  after- 
wards, prevented  this  promised  investigation,  and  natural  science  still 
suffers  from  his  loss.  Had  Balfour  lived,  he  might  have  given  us 
to-day  the  solution  of  the  great  question  before  us,  and  the  present 
discussion  would  have  been  unnecessary. 

The  Birds,  like  the  mammals,  have  developed  certain  characters 
higher  than  those  of  reptiles,  and  thus  they  seem  to  approach  each 
otiier.  I  doubt,  however,  if  the  two  classes  are  connected  genetically, 
unless  in  a  very  remote  way. 

Reptiles,  althougli  much  lower  in  rank  than  birds,  resemble 
mammals  in  various  ways,  but  this  may  be  only  an  adaptive 
likeness.  Both  of  these  classes  may  be  made  up  of  complex  groups 
only  distantly  related.     Having  both  developed  along  similar  lines, 
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tbey  exhibit  various  points  of  resemblance  that  may  easily   be 
mistaken  for  indications  of  real  affinity. 

In  the  Amphibians,  especially  in  the  oldest  forms,  there  are  hints 
of  a  true  relationship  with  both  Reptiles  and  Mammals.  It  seems 
to  n)e,  therefore,  that  in  some  of  the  minute  primitive  forms,  as  old 
as  the  Devonian,  if  not  still  more  ancient,  we  may  yet  find  the  key 
to  the  great  mystery  of  the  Origin  of  Mammals. 


IV. — Prof.  Hull's  "  Submerged  Platform  of  Western  Europe." 

By  Prof.  J.  W.  Spbncbb,  M.A.,  Ph.D.,  B.A.Sc,  F.G.S. 

II TR.  JUKES  -  BROWNE'S  contribution  to  this  subject,  in  the 
JjJl  September  number  of  the  Geoloqioal  Magazine,  brought  out 
a  clear  reply  from  Professor  Hull  in  the  next  issue.  Here  the 
argument  practically  ceased,  for  in  his  letter  in  November 
Mr.  Jukes-Browne  turned  his  correspondence  into  an  academic 
disputation  of  the  meaning  of  the  ivord  '  escarpment,'  for  which 
other  expressions  could  have  been  used,  and  the  flat  denial  of  the 
evidence  submitted  by  Professor  Hull.  This  is  to  be  greatly 
regretted,  for  Mr,  Jukes-Browne  does  not  show  evidence  to  the 
contrary,  nor  that  he  has  investigated  any  of  the  facts  for  himself — 
such  as  the  contouring  of  the  fullest  charts  with  isobars  of  two 
hundred  or  three  hundred  feet  apart — before  pronouncing  his  ipse 
dixit. 

Mr.  Jukes-Browne  challenges  the  analogy  drawn  by  Professor 
Hull  between  the  drowned  declivities,  facing  the  continental  shelf, 
and  the  slopes — whether  steep,  abrupt,  or  precipitous — which  mark 
the  descent  from  an  elevated  tableland,  plateau,  or  even  lower  plain 
to  the  country  below.  Although  Professor  Hull  uses  the  word 
*  escarpment '  as  covering  this  topographical  feature,  in  exactly 
the  sense  commonly  understood  in  Ameiica,  I  purposely  avoid  its 
adoption,  so  as  not  to  allow  of  the  diversion  from  the  phenomena 
themselves.  Mr.  Jukes-Browne  asks  if  Professor  Hull  can  point 
out  such  a  conspicuous  declivity  from  one  platform  to  lower  plains 
**  anywhere  in  Europe  which  has  a  length  of  700  miles  and  a  height 
above  its  base  of  7,000  to  8,000  feet."  The  question  appears  to 
imply  a  negative  answer,  to  be  used  as  a  refutation  of  I'rofessor 
Hull's  inferences.  The  question  should  not  have  been  limited  to 
evidence  obtainable  in  Europe,  where  presumably  such  a  feature 
is  not  likely  to  be  found,  but  should  have  been  extended  to  any 
region.  With  this  latitude  for  reply,  the  reader  may  have  the 
opportunity  of  knowing  (as  I  certainly  think  Mr.  Jukes-Browne 
has  bad)  that  the  great  face  of  the  Mexican  tableland  ie  characterized 
by  an  abrupt  slope  reaching  down  6,600  feet  to  the  inner  edge  of 
the  coastal  plain,  or  over  8,000  feet  to  the  Gulf  of  Mexico.  This 
slope  has  a  length  of  several  times  700  miles,  and  extends  from 
Mexico  into  the  United  States.  In  point  of  magnitude  and  abrupt- 
ness, and  also  of  the  character  of  the  dissecting  valleys,  this  Mexican 
slope  can  quite  as  well  be  taken  for  comparison  with  Professor 
Hull's  declivities  as  if  found  in  Europe. 
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Irrespective  of  the  origin  of  the  tablelands,  whether  the  result  of 
stupendous  faul tings  or  of  more  gentle  bulgiugs  of  the  earth's  crust, 
with  the  frontal  margins  fashioned  by  waves,  or  by  both,  or  by  other 
oaases,  the  only  point  for  consideration  is  the  fact  that  the  surfaces 
of  these  slopes  have  been  moulded  by  the  action  of  rains  and 
streams,  so  as  to  be  ditssected  by  great  deep  valleys  crossing  all 
the  formations,  since  they  were  last  elevated  above  the  sea.  Besides 
many  large  valleys  heading  abruptly  in  the  tableland,  there  are 
numerous  short  tributaries,  called  in  America  by  the  name  of 
'amphitheatres,*  from  two  to  ten  miles  long  and  thousands  of  feet 
deep.  These  begin  abruptly  in  the  edge  of  the  high  plateaux,  and 
may  be  likened  to  gigantic  wash-outs,  such  as  are  formed  by  the  action 
of  rains  upon  the  soft  materials  of  an  elevated  coast,  and  elsewhere. 
The  elevation  of  the  tablelands  appears  to  have  been  interrupted 
by  pauses  allowing  for  the  formation  of  base-levels  of  erosion  or 
platforms  or  steps  along  the  face  of  the  great  slopes  and  in  tlie 
valleys  themselves.  Such  features  upon  the  edge  of  the  high 
plateaux  show  the  subaerial  sculpturing  of  the  great  declivities 
regardless  of  the  primary  origin  of  the  slopes.  Then  comes  the 
important  point  that  they  are  an  exact  representation,  upon  the 
surface  of  the  land,  of  the  submarine  valleys  and  amphitheatres 
dissecting  the  slopes  which  descend  from  the  submarine  plateaux 
to  the  ocean  floors.  If  the  form  and  gradients  of  the  sculptured 
features  of  the  great  terrestrial  slopes,  whether  above  or  below 
the  sea-level,  be  carefully  studied,  they  will  answer  for  themselves 
Mr.  Jukes-Browne's  remark  "  how  the  existence  of  river-made 
valleys  can  possibly  prove  the  declivity  to  have  been  made  by 
subaerial  agencies  passes  my  [Mr.  Jukes-Browne's]  comprehension"; 
for  Professor  Hull  is  only  considering  the  formation  of  such  surface 
features,  when  found  beneath  the  sea,  as  evidence  of  changes  of 
level  subsequent  to  the  subaerial  sculpturing  of  the  platforms  and 
declivities  themselves. 

Nor  is  it  alone  on  the  margins  of  the  plateaux  overlooking  the 
Gulf  of  Mexico  that  perfect  topographic  features  similar  to  the 
drowned  valleys  are  to  be  found.  The  Grand  Canon  of  the 
T'olorado  is  over  200  miles  long,  and  reaches  to  a  breadth  of 
thirteen  miles  and  a  depth  of  over  G,000  feet.  It  dissects  a  plateau 
having  a  height  of  over  8,000  feet  above  the  sea.  There  is  no  lack 
of  examples  confirming  the  complete  resemblances  between  the 
erosion  features  of  the  bold  reliefs  of  the  land  and  those  beneath 
the  surface  of  the  oceans.  The  problem  is  one  of  great  magnitude, 
and  the  amount  of  the  material  available  is  not  small ;  but  the 
conditions  for  investigations  from  the  simpler  to  the  more  complex 
forms  are  more  favourable  in  America  than  in  Europe,  and  this  is 
no  doubt  why  geomorphic  studies  have  not  received  the  attention 
they  deserve  in  Europe.  The  phenomena  by  which  the  geomorphist 
reatls  the  history  of  the  land  features  seem  so  simple  tliat  some 
geologists  attempt  to  criticize  the  long  and  tedious  investigations 
of  physical  geologists  without  having  studied  the  grammar  of  the 
investigations.      The  result  is  precisely  the  same  as  would  bo  the 
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determination  of  a  marine  horizon  if  one  had  never  studied  a  fossil. 
Then  the  results  are  so  remarkahle  that  there  is  a  sort  of  orime  in 
presenting  important  facts  which  had  escaped  ohservation  until 
such  a  recent  date.  Had  Mr.  Jukes-Browne  carefully  examined  the 
data  for  himself,  as  Professor  Hull  has  heen  doing — and  it  cannot  he 
accomplished  without  devoting  a  great  deal  of  time  to  it — I  should 
be  amazed  to  find  him  again  writing,  *'  I  do  deny  (that  the  border  " 
— i.e.  of  the  submarine  shelf — "  can  properly  be  called  an  escarp- 
ment or)  that  there  is  any  proof  of  its  having  been  fashioned  by 
subaerial  agencies.'*  The  parentheses  are  mine,  as  only  the  question 
of  the  sculpturing  of  the  abyssal  slopes  is  of  any  importance.  Such 
a  denial  (without  the  accompanying  evidence  of  actual  investigation 
of  the  question),  whether  by  an  individual,  or  officially  by  the 
President,  or  even  the  whole  council  of  any  learned  society,  in  the 
presence  of  the  facts  obtainable,  can  only  cast  reflection  upon  their 
discernment  and  displays  a  considerable  degree  of  complaisance  in 
denouncing  the  results  of  long  and  careful  study  in  a  new  field  of 
investigation,  though  living  near  that  field,  to  which  the  critics  are 
strangers.  The  investigator  must  have  courage  to  continue  in  the 
face  of  denials  by  critics  and  councils,  whose  criticisms  are  usually 
the  expressions  of  one  man  officially  announced,  and  therefore  of 
little  more  real  value  than  the  harm  which  they  do.  Moreover, 
human  nature  is  the  same  among  geologists  as  other  men,  and  the 
announcement  of  newly  interpreted  phenomena  is  often  not  to  he 
tolerated,  except  from  the  officials  or  critics  themselves.  It  is  the 
more  surprising  that  Mr.  Jukes-Browne  should  desire  to  deny  the 
great  subsidences  of  the  continental  margins,  as  he  has  been 
the  advocate  of  the  elevation,  in  the  West  Indies,  from  abysmal 
depths  of  the  sea  bottom,  demanding  a  change  of  level  of  land  and 
sea  quite  as  great  as  Professor  Hull  now  claims.  His  conclusion 
was  based  upon  palsBontological  evidence,  and  beyond  this  field  the 
objector  certainly  appears  not  to  have  grasped  the  researches  of 
Professor  Hull. 

Considerations  as  to  the  point  of  time  of  the  recent  great 
elevations,  as  shown  by  Professor  Hull,  Mr.  Jukes- Browne's  denial 
of  the  elevation  (in  his  last  letter)  would  seem  to  render  superfluous. 
But  it  may  be  added  that  the  evidence  in  America,  at  least,  indi- 
cates the  late  great  changes  of  land  and  sea  to  have  been  in  progress 
between  the  later  Pliocene  days  and  in  the  Pleistocene  period,  but 
that  there  is  nothing  showing  the  great  changes  (within  that  range  of 
time)  to  have  been  actually  synchronous ;  for  in  America,  while  the 
east  was  elevated  the  west  was  depressed,  and  again,  while  the  west  was 
lately  being  elevated,  the  east  subsided ;  and  so  it  may  have  heen  that 
the  elevation  of  the  two  sides  of  the  Atlantic  were  not  simultaneous  : 
but  these  possible  oonditions  do  not  modify  the  more  general 
hypothesis  that  some  time  in  the  early  Pleistocene  period  the 
continents  on  both  sides  of  the  Atlantic  were  high. 
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ISrOTICBS    OIF    l^EILJIOII^S, 

I — NoTKS  OH  A.N  Expedition  to  Christmas  Island.  By  C.  W. 
Andrews,  B.A.,  B.Sc,  F.G.S.,  Assistant  in  the  British  Museum 
(Natural  History). 

[Sir  John  Murray,  having  resolved  to  send  a  naturalist  at 
his  own  expense  to  investigate  the  fauna  and  flora  and  the 
geology  of  Christmas  Island,  invited  Mr.  C.  W.  Andrews,  of  the 
Geological  Department,  British  Museum  (Natural  llistory),  to 
undertake  the  task.  Having  obtained  the  necessary  leave  of  absence 
Mr.  Andrews  sailed  from  England  on  May  4th,  1897,  and  after  an 
absence  of  15  months  he  reached  home  on  August  3rd,  189>^. 
He  made  a  considerable  stay  in  Java  on  his  outward  passage;  he 
also  visited  the  Cocos-Keeling  Islands  on  his  return  voyage.  The 
ex|>edition  was  most  successful. 

The  collections  made  by  Mr.  Andrews  during  his  stay  on 
Christmas  Island  include  geological  specimens  and  many  illustrating 
the  botany  and  zoology.  These  comprise  274  mammals,  birds,  and 
reptiles;  183  mollusca;  1,419  insects;  and  378  spiders,  myriopods, 
Crustacea,  echinoderms,  and  worms.  A  selection  of  the  specimens 
have  been  generously  presented  by  Sir  John  Murray  to  the  British 
Museum  (Natural  History). 

The  island  is  typically  oceanic,  and  the  mammals,  land  birds,  and 
niauy  of  the  insects  found  are  peculiar  to  it  ;  the  geographical  and 
ge<)Iogical  observations  made  by  Mr.  Andrews  are  also  of  great 
interest. 

The  following  abridged  account  communicated  by  the  author  is 
from  a  paper  read  by  him  before  the  lloyal  Geographical  Society, 
November  28th,  1898.— H.  W.] 

One  of  the  most  interesting  of  the  lonely  islets  of  the  Indian 
Ocean  is  Christmas  Island,  which  lies  almut  190  miles  south  of 
Java,  in  lat.  10°  25',  long.  105°  42'.  The  seas  around  it  are  of 
enormous  depth,  and  soundings  of  over  1,000  fathoms  occur  within 
two  or  three  miles  of  its  coasts.  To  the  north  and  north-west  is 
Macclear  deep,  in  which  3.200  fathoms  were  found,  and  to  the 
south  is  the  more  extensive  Wharton  deep,  with  upwards  of  3,000 
fathoms.  The  island,  in  fact,  rises  from  the  summit  of  the  low 
submarine  ridge  which  separates  these  two  abysses,  and  ou  the 
westward  end  of  which  the  Cocos-Keeling  Islands  are  situated. 

Seen  from  the  south-west,  the  island  appears  as  a  long  green  ridge 
nearly  level  at  the  top,  there  being  only  slight  elevations  at  the 
north-west  and  south-east  ends.  The  ridtje  descends  seaward  in 
a  succession  of  terraces,  the  upper  ones  bounded  by  comparatively 
gentle  slopes,  the  lower  by  a  high  and  nearly  vertical  cliff,  beloW 
%v!iir>h  there  is  a  narrow  platform  sloping  gently  down  to  the  sea- 
cliff.  This  is  usually  about  15  to  30  feet  high,  and  is  much 
nn  lercut  by  the  heavy  swell  that  is  continually  breaking  against 
its  base.  On  approaching  nearer  it  can  be  seen  that  the  whole 
island  is  covered  with  a  dense  forest,  only  broken  by  the  grey  face 
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of  tbe  high  inland  cliff  which  runs  round  the  greater  part  of  the 
island,  rising  like  a  wall  above  the  tall  trees  growing  on  the  shore 
terrace. 

If  the  coast  be  examined  in  a  boat  or  from  the  top  of  the  sea-cliff, 
it  will  be  seen  that  a  submarine  terrace  in  the  shape  of  a  fringing 
reef  is  being  formed  round  the  greater  part  of  the  island.  It  varies 
greatly  in  width,  and  also  in  its  depths  below  the  surface  ;  in  some 
places  it  is  partly  dry  at  low-water,  in  others  some  fathoms  deep. 
Outside  the  edge  of  this  reef  the  water  deepens  suddenly. 

Tlie  greatest  length  of  the  island,  from  North-East  Point  to  Egeria 
Point,  is  about  12  miles.  The  greatest  width  from  north  to  south  is 
about  9  miles ;  the  least  3^  miles.  Its  area  may  be  roughly  stated 
at  48  square  miles. 

The  island  consists  of  a  central  plateau,  highest  towards  the  north 
and  east,  and  descending  to  the  sea  on  all  sides  by  a  succession 
of  terraces,  separated  by  slopes  or  cliffs.  In  most  places  the 
arrangement  of  these,  from  the  edge  of  the  plateau  downwards,  is — 
( 1 )  a  steep  slope  strewn  with  blocks ;  (2)  a  broad  terrace,  followed 
by  a   similar   slope   (this   seems   to   be    wanting   on    the   south)  ; 

(3)  a  second  terrace,  terminating  in  a  cliff  200  or  300  feet  high  ; 

(4)  the  shore  terrace,  sloping  gently  down  to  the  sea-cliff;  (5)  the 
present  fringing  reef.  There  are,  however,  many  local  differences, 
tlie  more  important  of  which  will  be  noticed  below. 

The  Central  Plateau. 

The  edge  of  the  central  plateau  is  roughly  parallel  to  the  coast, 
receding  farthest  from  it  opposite  the  principal  headlands.  It  is 
highest  along  its  northern  and  eastern  borders,  where  there  is 
a  raised  rim,  the  average  height  of  which  above  the  sea  is  about 
800  feet.  Towards  the  south  it  slopes  away  so  that  its  edge  is 
only  from  400  to  450  feet  high,  but  there  are  some  slight  elevations 
above  this  general  level.  On  the  west  the  upper  terraces  are 
replaced  by  a  gentle  slope,  and  even  the  first  inland  cliff  is  not 
well  marked  except  towards  North -West  and  Egeria  Points. 

Along  the  raised  rim  of  the  plateau  there  are  a  number  of  hills, 
tlie  liighest  of  which  (Murray  Hill)  occurs  towards  North-West 
Point.  It  is  a  nearly  flat-topped  hill,  divided  by  an  oblique  valley 
into  a  larger  and  rather  higher  western  portion  and  a  lower  eastern 
one  ;  the  greatest  height  is  about  1,170  feet.  The  summit  is  formed 
by  masses  of  dolomitic  limestone,  and  on  its  lower  slopes  there  are 
beds  of  shelly  limestone,  and  a  peculiar  deposit  which  seems  to  be 
mainly  made  up  of  tiny  spherules  of  altered  volcanic  glass.  The 
outer  face  is  very  steep,  but  towards  the  south  the  land  first  descends 
gently,  then  rises  a  little,  finally  sinking  to  the  general  level  of  the 
plateau  in  a  long  gradual  slope.  On  the  south-western  side  there 
are  occasionally  patches  of  rounded  pebbles,  which  are  of  a  volcanic 
nature,  and  are,  perhaps,  derived  from  the  bed  above  mentioned. 
Similar  nodules  occur  in  many  places  on  the  higher  parts  of 
the  island. 
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The  next  higbest  hill  (Bobs  Hill)  is  over  South  Point.    It  also  has 

a  flat  top  covered   with   dolomitio   limestone,  in   which   traces   of 

gastropod  BbelU  are  visible.     On  its  outer  side  there  is  a  low  cliff, 

aud  below  this  a  long  steep  slope  covered  with  blocks  of  limestone 

in  the  wildest  confusion,  and  thickly  overgrown  with  creepers  and 

brushwood.     Towards  the  plateau  also  the  descent  is  rather  abrupt. 

Over  North-East  Point   is   another  elevation  (Phosphate    Hill), 

which,  though  not  so  high  (900  feet),  is  particularly  interesting  on 

account  of  the  extensive  deposit  of  phosphate  of  lime  which  is  found 

there.     This  substance  is  strewn  over  the  surface  in  blocks  of  all 

sizes,  and  in  some  places  it  is  found   to  a  considerable  depth ;    in 

others,  however,  it   can  be  seen  to  rest   directly  on  an    irregular 

surface  of  dolomitio  limestone,  occasional  pinnacles  of  which  project 

through  it.     At  the  northern  end  of  the  hill  the  phosphate  is  found 

on  both  outer  and  inner  slopes,  but  farther  south  on  the  plateau  side 

only,  the  outer  being  occupied  by  a  reef  of  limestone,  which  descends 

to  the  terrace  beneath  in  a  low  cliff.     The  area  actually  covered  by 

this  thick  deposit  of  phosphate  of  lime  is  about  half  a  mile  lung  by 

a  quarter   broad,  but  an  immense  quantity  occurs  in   the  form  of 

irregular   nodules   and   blocks   scattered    over   all   the   slopes   and 

terraces  of  this  part  of  the  island.     There  are  other  less  extensive 

beds  over  Flying  Fish  Cove,  and  also  at  several  points  along  the 

eastern  edge  of  the  plateau.     Probably,  when  the  islands  were  still 

low  and  not  covered  with  forest,  they  formed  the  homes  of  myriads 

of  sea  birds,  and  the  guano  thus  formed,  after  undergoing  alteration, 

luaiiily   through   loss   of  its  organic   matter,  gave   rise  to   the  har<l 

phosphatic  rock  now  existing.     At  the  same  time  the  limestones  on 

which   it  rests  have  often  been  phosphatized,  and  lumps  of  coral 

consisting  mainly  of  phosphate  of  linio  are  sometimes  found.     The 

exten6ive  accumulations  of  guano  which  must  have  taken  place  point 

to  a  time   when   the  rainfall   was  much  less   than  at   the   present 

day,  a  condition  which  may,  at  least  in  part,  have  been  dependent 

on  the  circumstances  that  the  islands  were  low  and  probably  free 

from  forest. 

On  the  eastern  rim,  between  Phosphate  Hill  and  Ross  Hill,  there 
are  several  smaller  elevations,  all  presenting  similar  characters, 
viz.  ;  having  on  their  seaward  side  a  steep  talus  slope  or  low 
cliff,  a  flat  top,  and  a  moderate  declivity  on  the  inland  side. 
Between  the  hills  both  on  the  north  and  east  coasts,  the  rim  of  the 
plateau  varies  a  good  deal  in  character.  As  a  rule,  its  outer  edge 
is  marked  by  a  kind  of  rampart  of  lines  of  limestone  pinnacles 
Si'parated  by  channels,  but  sometimes  it  descends  by  a  gentle  slope ; 
ill  either  case,  beneath  the  cliff  or  the  sloj)e  there  is  always  a  steep 
talus-strewn  declivity  passing  down  to  the  first  terrace. 

The  northern  part  of  the  plateau  within  the  elevated  rim  is 
particularly  characterized  by  the  presence  of  numerous  low  hills 
(about  50  feet),  with  more  or  less  flat  tops  covered  with  blocks 
and  ])innacles  of  limestone.  Further  south  there  are  several  step- 
like  ridges,  running  in  a  generally  east-and-west  direction  ;  their 
southern  face  is  covered  with  blocks  of  limestone,  composed  mainly 
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of  rather  fresh-looking  corals.  Id  a  few  places  similar  limestones 
form  extensive  reefs,  out  up  into  deep  channels  and  holes.  These 
reefs,  when  covered  with  thick  bush,  form  almost  impenetrable 
obstacles. 

The  Upper  Slopes  and  Terraces. 

As  already  mentioned,  there  is  beneath  the  edge  of  the  plateau 
a  steep  slope  usually  covered  with  talus,  but  where  the  rocks 
composing  it  are  exposed  they  are  found  to  consist  of  foraminiferal 
and  coral  limestones,  and  are  often  full  of  angular  fragments  of 
older  limestones.  Beneath  this  slope  is  a  level  terrace  varying  in 
width  from  a  few  yards  to  a  quarter  of  a  mile  or  more,  and  bounded 
on  the  seaward  side  by  a  second  steep  declivity,  or  in  places  by  an 
actual  cliflf.  The  rocks  comprising  it  usually  show  very  distinct 
traces  of  coral,  and  sometimes  seem  to  be  entirely  composed  of  it. 
This  slope  is  absent  on  the  southern  side  of  the  island. 

The  next  terrace  also  varies  considerably  in  width;  on  its  outer 
margin  there  is  usually  a  broad  belt  of  pinnacles  of  limestone 
separated  by  channels.  In  the  neighbourhood  of  Steep  Point,  it 
rises  into  a  rounded  hill  covered  with  blocks  of  phosphate  of  lime. 
This  hill  must  have  formed  a  small  islet  at  the  time  the  foot  of  the 
second  inland  clifif  was  washed  by  the  sea.  In  other  places  there  is 
a  channel  40  or  50  yards  wide  running  parallel  to  the  edge  of  the 
cliff;  the  inner  side  is  formed  by  a  clifif  30  or  40  feet  high,  the  outer 
by  walls  and  pinnacles  separated  by  branching  channels,  the  floor  of 
which,  like  that  of  the  main  channel,  is  perfectly  level.  Towards 
the  sea  there  is  a  steep  slope  covered  with  blocks  of  limestone. 
AVhen  the  sea  was  850  to  400  feet  higher  than  at  present,  this 
channel  formed  a  sort  of  canal  in  the  reef  parallel  to  the  coast. 

Beneath  the  terrace  just  described  comes  the  first  inland  clifif, 
by  far  the  most  conspicuous  feature  of  the  island.  Usually  it  has 
a  vertical,  or  nearly  vertical,  face,  and  it  is  especially  well-marked 
at  the  headlands.  Its  summit  is  from  250  to  300  feet  above  the  sea. 
In  several  places  about  150  feet  above  the  shore  platform  there  are 
distinct  traces  of  wave  action,  the  most  notable  being  the  presence 
of  caves  along  this  line.  In  some  cases  beneath  this  point,  instead 
of  a  vertical  face,  we  find  a  steep  slope  of  limestone  with  coral  in 
])Osition  of  growth,  apparently  the  remains  of  a  narrow  fringing 
reef,  founded  upon  and  partly  composed  of  talus.  That  the 
elevation  of  this  clifif  has  been  of  an  intermittent  character  is  further 
shown  by  the  fact  that  where  the  slopes  of  the  island  are  gentle  and 
no  high  clifif  has  been  formed,  there  is  either  a  succession  of  minor 
cliffs  separated  by  terraces  and  partly  built  up  of  coral  rock,  or 
merely  a  slope  with  ledges  of  coral  limestone.  Although  these 
minor  clififs  and  ledges  may  be  continuous  for  some  distance  in  any 
given  locality,  they  do  not  always  correspond  to  those  found  a  few 
miles  off.  It  must  also  be  noted  that  the  geological  structure  and 
even  the  origin  of  this  clifif  are  not  everywhere  the  same,  a  point  that 
will  he  referred  to  more  fully  below. 

The  shore  terrace  slopes  gently  down  from  the  foot  of  the  first 
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inland  cliff  to  the  sea-cliff,  which  is  from  15  to  30  or  more  feet  hij^h, 
and  is  often  undercut  by  the  waves  to  a  remarkable  extent,  so  that 
it  sometinies  overhangs  more  than  20  feet.  'J'he  inland  side  of  this 
terreioe  is  often  covered  with  pinnacles  of  rook  similar  to  that 
of  the  cliff  above,  and  once  formed  part  of  the  foreshore  planed 
down  by  the  waves.  Near  the  sea  the  terrace  is  clearly  a  raised 
fringing  reef  resting  on  a  foundation  of  talus;  the  corals  are  often 
Tery  fresh  in  appearance.  In  some  localities  this  platform  has 
been  cut  into  the  older  rocks  (orbitoidal  limestones,  basalts,  etc.) 
which  form  the  basis  of  the  island,  and  in  such  places  small 
streams  may  occur,  the  water  being  held  up  by  the  volcanic  rocks. 
The  point  where  these  are  best  developed  is  on  the  east  coast, 
where  there  are  two  or  three  muddy  brooks  and  a  small  fall  of 
excellent  water,  which  gushes  out  over  a  bed  of  basalt  just  above 
high- water  mark. 

On  the  south,  where  the  cliffs  are  exposed  to  the  full  force  of  the 
Bweli  produced  by  the  south-east  trade  wind,  which  blows  most  of 
the  year,  the  coast  scenery  is  very  fine.  The  cliffs  are  cut  into 
numberless  narrow  inlets,  and  their  summits  are  often  completely 
bare  of  vegetation  for  some  distance  from  the  sea.  Blowholes  are 
very  numerous,  and  several  columns  of  spray  rising  high  above  the 
trees  may  often  be  seen  at  once. 

At  various  points  round  the  coast  there  are  shingle  beaches.  The 
most  important  of  these  are  that  in  Flying  Fish  Cove  and  West 
White  Beach,  at  both  of  which  landing  is  fairly  easy.  There  are 
al«o  two  or  three  others  on  the  north  coast,  several  on  the  east, 
and  one  or  two  towards  the  northern  part  of  the  west  coast ;  most 
of  these  are  small  and  shut  in  by  cliff,  and  are  covered  at  high- water. 

The  above  is  a  brief  account  of  the  usual  plan  of  the  island,  but 
there  are  several  localities  in  which  considerable  divergences  from 
this  occur.  One  of  these  is  Steep  Point,  where  a  deep  fissure, 
forming  a  narrow  valley,  has  cut  off  an  angle  of  the  first  inland 
cliff,  and  the  portion  thus  isolated  has  tilted  forward  so  that  th«3 
usual  shore  platform,  if  it  ever  existed,  has  been  carried  beneath 
the  sea,  and  the  headland,  which  is  loO  to  200  feet  high,  is,  in  fact, 
part  of  the  first  inland  cliff. 

Again,  on  the  east  coast,  near  North-East  Point,  extensive  slips  or 
faults  have  taken  place,  the  result  being  that  the  ordinary  terraces 
are  replaced  by  a  single  precipice  500  to  600  feet  high,  the  foot  of 
which  is  covered  by  talus  of  enormous  blocks  of  limestone.  In  this 
case  the  edge  of  the  island  as  far  back  as  the  second  inland  cliff 
Las  slipped  down  beneath  the  sea,  and  has  helped  to  build  up  the 
foundation  npon  which  the  reefs  now  forming  the  shore  terrace  were 
built.  Nearer  North-East  Point  the  slip  was  less  extensive,  and  the 
slipped  mass  here  forms  the  first  inland  cliff,  on  the  top  of  which 
tliere  are  several  step-like  ridges  running  parallel  to  its  edge,  and 
marking  minor  dislocations.  The  rock  comprising  both  this  cliff 
and  the  precipice  further  south  seems  to  be  almost  wholly  a  mass 
of  orbitoidal  limestone,  the  flat  joint  faces  of  which  give  it  a  very 
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obaracteristio  appearance ;  the  cliff  on  the  Bouthern  side  of  E^eria 
promontory  is  similar,  and  the  small  cliffs  resulting  from  successive 
steps  can  be  plainly  seen. 

At  the  western  end  of  the  island  the  upper  cliffs  are  replaced  by 
gentle  slopes,  and  even  the  first  inland  cliff  is  ill  defined,  except 
towards  North-West  and  Egeria  Points.  Another  characteristic 
feature  of  this  region  is  the  occurrence  of  several  valleys  running 
down  to  the  sea  in  a  generally  south-western  direction.  These  first 
commence  as  a  shallow  depression  at  about  400  feet,  but,  as 
they  are  followed,  deepen  to  a  narrow  gorge  which  cuts  through  the 
first  inland  and  sometimes  the  sea  cliff  also.  The  scenery  of  these 
valleys  is  the  most  picturesque  on  the  island,  and  reminds  one 
a  little  of  the  dales  in  the  Mountain  Limestone  in  the  Peak  District. 
The  floor  of  these  valleys  is  generally  formed  of  volcanic  rock 
(basalt),  and  in  the  wet  season  is  occupied  by  a  small  stream,  which 
descends  to  the  sea  by  a  succession  of  falls  and  rapids ;  but  at  the 
time  of  my  visit  water  was  only  found  in  the  northernmost  valley. 

The  last  locality  to  be  described  is  Flying  Fish  Cove,  by  far  the 
most  important,  because  it  seems  to  supply  the  key  to  the  structure 
of  the  island  as  a  whole.  In  the  large-scale  map  of  this  district 
given,  it  will  be  observed  that  at  this  point  the  sea-cliff  is 
interrupted,  and  its  place  taken  by  a  long  curved  stretch  of  white 
shingle  beach,  in  front  of  which  a  broad  fringing  reef  stretches  from 
one  end  of  the  cove  to  the  other.  Behind  the  beach  is  a  nearly 
level  platform,  composed  mainly  of  blocks  and  fragments  of  coral 
mingled  with  talus  from  the  cliff  above.  This  level  has  been,  for 
the  most  part,  cleared  and  planted  with  cocoanut-palms,  fruit-trees, 
and  vegetables,  and  is  the  site  of  *'  Clunies-Ross  Settlement,"  which 
consist*  of  some  nine  or  ten  houses,  workshops,  and  stores.  The 
cliff  joining  the  back  of  the  cove  is  about  600  feet  high  in  the  middle, 
but  decreases  in  height  towards  the  ends,  and  towards  the  north  the 
slope  becomes  less  steep.  For  the  greater  part  of  its  length  it 
consists  of  alternations  of  low,  more  or  less  vertical  cliffs,  with  steep 
talus  slopes ;  but  towards  the  southern  end  the  upper  part  forms 
overhanging  precipices  of  200  feet  or  more  in  height,  while  the 
lower  portion  is  covered  by  a  talus  slope  of  limestone  blocks,  often 
as  large  as  a  fair-sized  cottage.  Some  of  these  lie  far  out  on  the 
reef.  In  this  cliff  and  in  its  immediate  neighbourhood  we  have 
almost  the  only  section  from  which  it  is  possible  to  get  an  idea 
of  the  nature  of  the  foundation  upon  which  the  upper  reefs  have 
been  established  ;  almost  everywhere  else  the  central  portion  of  the 
island  is  concealed  by  the  investing  covering  of  more  recent 
limestones  which  have  formed  round  the  island,  either  as  sediment 
derived  from  the  higher  coral  masses  or  as  reefs  which  have  grown 
on  tlie  slopes  of  the  island  during  its  elevation.  The  circumstance 
that  nearly  all  the  rocks  of  the  island  are  white  limestones,  often 
largely  made  up  of  fragments  of  older  beds  or  containing  fossils 
derived  from  them,  renders  the  interpretation  of  the  facts  observed 
a  matter  of  great  difficulty.  It  will  not  be  necessary,  however,  here 
to  enter  into  details  of  the  geology  of  the  island,  and  only  a  brief 
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iketch  of  the  structure  of  the  neighbourhood  of  Flying  Fish  Goye 
it  given. 

Hound  the  greater  part  of  the  cove,  about  half-way  up  the  cliff, 

there  is  a  thick  bed  of  yellow  foraminiferal  limestone,  the  nearly 

Tertical  face  of  which  is  from  15  to  60  feet  high.     Beneath  this,  and 

apparently    penetrating   its   lower   surface,    are   several   masses   of 

Tolcanic    rock,   mainly  basaltic.      Above    the  limestone  is  another 

bed    of  basJEilt,   upon  which    there   are   thick    bands  of  palagonite 

tuffs,    and   occasionally    traces   of  basalt   above   these   again ;    but 

the    upper    slopes    are    so    thickly    covered    with   soil   and    fallen 

blocks    of  limestone,    that   it   is    difficult    to    determine   the   exact 

structure  of  this  part  of  the  cliff.     About  the  middle  of  the  cove 

the  hard  limestone  is  found   at  a  rather  higlier  level,  apparently 

the  result  of  faulting,  but  its  relations  to  the  volcanic  series  are  the 

same.     Southward  ot  this  the  bed  dips  downward  towards  the  shore, 

and  the  basalt  and   tuffs  resting  upon  it  disappear  abruptly,  their 

edges  being  overlapped  by  hard  white  limestone  with   Orbitoides, 

This  rock  forms  the  upper  50  feet  or  so  of  the  cliff  throughout  its 

length,  and  on  the  summit  occurs  in  low  cliffs,  ridges,  and  pinnacles. 

At  the  southern  end  of  the  cove  it  thickens  out  to  a  cliff  sonie  250  to 

300  feet  high,  the  lower  part  of  which  is  penetrated  by  masses  of 

basulL     Above  the  cliff  to  the  southward  this  limestone  is  found  on 

the  eastern  and  western  sides  of  a  broad  belt  of  basalt,  which  forms 

a  series  of  rounded  hills  with  valleys  opening  towards  the  sea.     On 

the  eastern  side  its  base  is  about  500  feet  above  the  sea;    on  the 

west,  where   it  is   largely  concealed    by   the   more  recent    deposits 

foriuing  the  cliffs  and  terraces  representing  the  first  inland  cliff,  it  is 

only  300  to  350  feet.     No  doubt  this  limestone  C()m]detely  covered 

the  basalt,  but  has  been  removed  by  denudation  ;  and,  in  fact,  further 

south  the  volcanic  rock  is  completely  concealed  by  limestones. 

Further  inland,  above  the  orbitoidal  limestones  comes  the  steep 

8lo[>e  of  the  second  inland  cliff,  which  is  here  largely  composed  of 

corals ;  shells  of  mollusca  are  also  found,  and  there  are  some  beds  of 

foraminiferal  limestone  without  Orhitoides.     Above  this  cliff  is  a  h»ng 

slope  with  lines  of  limestone  pinnacles  parallel  to  its  edge,  and  above 

this,  again,  the  upper  inland  cliff,  or  rather  slope.     Along  the  foot  of 

this    there    are    some    ridges   of  coral   limestone;  but   towards   the 

Bummit    it    rises    into    rounded    hills    of   dolomitio   limestone,   with 

a  great  many  blocks  of  phosphate  of  lime  here  and  there.     IMiese 

j)ile8  are  probably  the  remains  of  islets  along  the  edge  of  the  lagoon 

(now  the  plateau)  before  the  first  elevation  of  the  island  took  place. 

The  history  of  the  island,  as  far  as  it  can  be  made  out,  seems  to 
have  been  as  follows  : — At  first,  at  no  great  depth,  there  was 
a  submarine  bank  upon  which  numerous  foraminifera,  including 
Orbitoides,  lived,  and  the  shells  of  which  fornjed  thick  beds  of 
limestone.  The  foundation  of  this  bank  was  volcanic,  and  from 
time  to  time  lava  was  erupted  through  and  upon  the  limestones  : 
the  occurrence  of  thick  bands  of  palagonite  tuff  indicate  that  the 
eruptions   were    submarine.      Some   elevation    took   place,   and   the 
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beds  of  tuff  beoame  ooQsolidated  by  the  infiltration  of  lime.  In 
the  next  place,  the  ^hole  was  covered  with  thick  beds  of  white 
limestone  crowded  with  large  Orhitoides,  These  strata  seem  to 
have  overlapped  the  edges  of  the  beds  of  tuff,  and  in  places  it  can 
be  seen  that  they  dip  away  from  the  central  mass.  The  deposits 
resting  on  the  orbitoidal  limestones  are  for  the  most  part  covered 
with  recent  accumulations,  but  they  appear  to  have  been  mainly 
foraminiferal  limestones. 

Upon  the  foundation  thus  prepared  extensive  reefs  grew  up  and 
formed  an  atoll-shaped  group  of  islands,  the  reef  flat  and  islands 
being  now  represented  by  the  raised  rim  of  the  plateau  and  the  hills 
rising  from  it,  the  lagoon  by  the  central  plateau  itself.  The 
rounded  hills  and  lofty  pinnacles  found  within  the  raised  margin  are 
probably  the  remains  of  knolls  and  masses  of  coral  growing  up  in 
the  lagoon,  such  as  may  be  seen  in  the  Cocos-Eeeling  Islands  at  the 
present  day.  The  height  of  the  hills  over  North-West  and  South 
Toints  may  be  accounted  for  by  supposing  either  that  they  are  points 
of  local  elevation  greater  than  that  affecting  the  main  mass  of  the 
itslaud,  or  that  they  represent  the  higher  parts  of  the  bank,  upon 
which  reefs  were  formed  before  the  greater  part  of  it  was  near 
enough  to  the  surface  for  the  growth  of  reef  corals.  During  the 
formation  of  these  higher  reefs,  the  material  derived  from  their 
Wear,  mingled  with  the  remains  of  organisms  living  around  the 
coast,  formed  thick  deposits  of  limestone  upon  the  flanks  of  the 
island. 

The  first  important  movement  which  took  place  seems  to  have 
resulted  in  the  elevation  of  the  northern  and  eastern  sides  of  the 
island,  the  south  and  west  probably  remaining  submerged.  At  this 
time  the  reefs  forming  the  second  inland  cliff  grew  round  the  north 
and  east  coast,  and  probably  some  of  the  ridges  of  coral  limestone 
running  across  the  middle  of  the  island  were  formed  near  the  new 
shore-line  on  the  side  of  the  lagoon. 

The  next  extensive  elevation  affected  the  whole  area  equally,  and 
along  the  new  shore-line  the  second  inland  cliff  was  cut  back  into 
tiie  reefs  just  formed,  or  even  in  some  places  into  the  central 
foraminiferal  limestones.  Subsequently  a  series  of  movements  of 
elevation  led  to  the  formation  of  the  first  inland  cliff,  or,  on  the 
more  gentle  slopes,  to  the  succession  of  small  cliffs  and  ridges  of 
coral  rock  which  represent  it. 

During  these  various  movements  much  slipping  and  faulting  took 
place  round  the  island  ;  the  effects  of  this  at  St^ep  Point  and 
North-East  Point  have  already  been  described.  As  a  result  of  this, 
and  of  the  action  of  the  waves  around  the  coast,  a  submarine  talus 
slope  was  formed,  upon  which  a  fringing  reef  was  established,  and 
at  the  next  elevation  this  was  converted  into  the  shore  terrace, 
whil»3  its  margins  were  cut  back  into  the  present  sea-cliff.  Finally, 
as  already  mentioned,  a  reef  is  now  growing  around  the  coast  which 
some  day  may  form  yet  another  raised  terrace  round  the  island.  It 
is  a  point  of  some  interest  that  Mr.  Andrew  Ross,  during  the  eight 
or   nine  years  he  has  been  residing  on  the  island,   has   noted  the 
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occurrence  of  two  slight  earthquakes,  the  more  severe  occurring  in 
Ouiober,  1895  ;  this  was  followed  by  heavy  falls  of  rock  Iroin 
the  cliffs. 


IL— Structure  of  a  Coral  Beef. — Report  of  the  Committee,  con- 
sisting of  Professor  T.  G.  Bonney  (Chairman),  Professor  W.  J. 
SoLLAs  (Secretary),  Sir  Auohibald  Geikib,  Professors  J.  W.  Judd, 
C.  Lapworth,  a.  C.  Haddon,  Boyd  Dawkins,  G.  H.  Darwin, 
S.  J.  HiCKSON,  and  Anderson  Stuart,  Admiral  Sir  W.  J.  L. 
Wharton,  Dr.  H.  Hioks,  Sir  J.  Murray,  Drs.  W.  T.  Blanpord, 
C.  Lb  Neve  Foster,  and  H.  B.  Guppy,  Messrs.  F„  Darwin, 
H.  O.  Forbes,  G.  C.  Bourne,  and  J.  W.  Gregory,  Sir  A.  K. 
Binnie,  and  Mr.  J.  C.  Hawkshaw,  appointed  to  consider  a  project 
for  investigating  a  Coral  Reef  hy  boring  and  sounding. 

IlHE  boring  into  the  coral  reef  at  Funa  Futi,  under  the  super- 
intendence of  Professor  Edgeworth  David,  was  carried  down  to 
a  depth  of  643  feet  After  he  had  quitted  the  island  to  return  to 
Sydney  the  work  was  continued  until,  owing  to  a  breakdown  of  the 
apparatus,  it  finally  ceased  at  a  depth  just  short  of  700  feet.  The 
cores  obtained  during  the  work  have  been  forwarded  to  England, 
and  are  now  being  worked  out  under  the  supervision  of  Professor 
Judd  in  the  laboratory  of  the  Royal  College  of  Science  at  South 
Kensington.  A  brief  summary  of  the  results  down  to  ()4.S  feet  was 
presented  to  the  Royal  Society  on  November  25,  1897,  and  will  bo 
lound  in  their  **  Proceedings."  According  to  the  survey  of  Funa 
Futi  and  the  neighbouring  seas  made  by  Captain  Field,  of  H.M.S. 
**  Penguin,"  it  appears  that  the  shape  of  the  former  is  that  of  a  cone 
with  a  rudely  elliptical  base  rising  with  a  gradual  slope  from  the 
ocean  floor  at  a  depth  of  about  2.000  fathoms,  and  forming  a  kind  of 
luural  escarpment  for  the  last  750  feet  (approximate).  When  the 
whole  party  had  returned  to  Sy<lney,  Professors  David  and  Stuart, 
after  discussing  the  question  of  renewing  the  attempt  to  pierce  the 
reef,  the  bottom  of  which,  from  the  change  of  slope  mentioned  above, 
they  thought  must  lie  within  800  feet  of  the  surface,  prevailed  on  the 
authorities  of  the  Department  of  Mines,  Sydnt»y,  to  h'ud  plant  and 
workmen  in  order  to  continue  the  old  borehole,  and,  if  possible,  to 
put  down  another  one  in  a  shallow  part  of  the  lagoon.  Application 
was  made  to  the  Admiralty  by  the  Royal  Society,  and  permission 
was  given  for  the  menjbers  of  the  expedition  and  the  plant  to  be 
conveyed  from  Suva  to  Funa  Futi  and  back  by  II.M.S.  "  Porpoise." 
1'lie  expedition  has  been  at  work  during  the  summer,  and  intelligence 
of  the  result  will  doubtless  have  reached  England  during  the 
autumn.  Until  this  arrives,  and  the  study  of  the  materials  already 
lu  this  country  has  been  completed,  it  would  be  premature  to  express 
any  opinion  of  the  theoretical  bearing  of  the  results  obtained  by  the 
"^cry  successful  operation  undertaken  in  1897. 
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—Professor  T.  Rupert  Jones — 


III.  —  Thk    Fosbil    Fhtllopoda    of    the     Paljeozoio    Bocks. 
Fourteenth  Report  of  the   Coininitt«e,  consistiug  of  Prof.    T. 
WiLTSHiBB  (Chairman),  Mt.  H.  Woodw4rd,  and  Prof.  T.  Hupickt 
J0NK8  (S«retary).     (Drawn  up  by  Prof.  T.  Rdpzkt  Jones.)  ■ 
§  I.  In  our  First  Report  on  the  Palreozoic  Pbyllopoda  (presented 
to  liie  Association  in  1883)  tlie  genus  Dithyrocaris  was  included  ia 
tlio  Tabular  List  at  p.  216  nf  the  Reports  tor  1883  (1884),  as  being 
"ridged  along  the  back  (like  Apu»)"  and  as  "being  ridged'aud 
somctiineB  priokled."     It  was  referred  to  as  ocourriug  in  Carboni- 
ferous and  Devonian  strata. 

In  tbe  Fifth  Re{)ort  (made  in  1867),  at  pp.  63-66,  we  enun)erat«d 
all  the  known  and  reputed  species  of  the  genus.  Thanks  to  the 
obliging  courtesy  of  friends  and  correspondents,  we  are  now  enabled 
to  state  tliat  we  can  distinguish  the  following  speoieB  found  in  the 
Ri'itisli  Islands  and  elsewhere : — 


L 


..  iJifAyranin*(j'i)ii'a,H.WDodiranl& 
R.  EthcridgB,  iun. 
Mfl(ij,  W.  iE.  ... 
grmulata,  W.  &,  E. 
teiludiHta,  Scauler... 
ScBuliri,  M'Coj       ... 

O/bi.  I'Drtlock 
trinrnit,  ScuuloT    ... 
ortifuliirit,    I'nrtlock 
leiHiiUriala,'li-Coj.,. 


□svor 


IS.  Sithyrocaru  Silli,  'Woodward... 

113.  „  iiic*i,  Ludwig 

I      ao.  „  bmiiKiileala,  Ludwig 

S  J  ai.  „      (?}/«*■*«,  KSmer       ... 

£•1  T2.  „  JTaj/wri,  Clarke       ... 

=   I  23.  Vewayi'iiOmFni,  Hall  ^Clurke... 

{■ii.  „         JV'vfBHi,  Hall       

Cahhumfrkocs. 

Gnatrie  T«eth     

1  Il.il 
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'Dii\^rocnr\s  has  a  clypeiform  test ;  at  all  events  most  of  the 
ipeciiueiiB  have  a  shield- like  test,  readily  dividing  into  two  moieties 
or  valves ;  bat  some  specimens  seem  to  support  the  idea  of  having 
been  able  to  fold  the  two  sides  together.  The  moieties  are  often 
leparate,  and  some  are  too  convex  to  have  formed  a  quite  flat  shield ; 
lome  have  the  lateral  edges  turned  sharply  downwards  and  inwards. 

The  valves,  or  two  lateral  moieties,  were  united  along  their  dorsal 
edges  simply  :  several  specimens,  however,  had  a  dorsal  rugose 
ridge- plate,  over-riding,  narrow,  and  longitudinal  (somewhat  like 
that  described  as  an  intervening  plate  in  Mesothyra  by  Hall  and 
Clark  in  1888),  ending  in  a  posterior  spine. 

The  valves  are  sub-oblong,  straight  along  the  middle  two-thirds 
of  the  dorsal  border,  and  elliptically  curved  ventrally  ;  more  or  less 
rounded  at  the  ends,  with  a  median  hollow  or  notch  at  their  junction 
on  the  front  and  hind  borders.  ITie  antero-dorsal  region  ends  with 
a  blunt  angle  or  a  short  process;  and  the  postero-ventral  with 
a  gtrong,  sharp,  trigonal  spine. 

The  straight  hinge-line  is  defined  by  two  small  dorsal  notches. 
The  ventral  border  has  a  striuted,  serrated,  or  fringed  margin,  either 
on  its  posterior  moiety  or  throughout  its  extent. 

The  surface  of  each  valve  bears  one  longitudinal  (meso-lateral) 
ridge,  and  sometimes  others  parallel ;  also  short  ridges  (cephalic) 
over  the  gastric  apparatus,  and  slighter  ridges  (nuchal)  near  the  top 
of  the  dorsal  ridge,  all  more  or  less  rugose. 

Scattered  granulations  and  tubercles  are  often  present  on  some 
parts  of  the  valves,  also  lines  and  reticulations. 

Granulation  is  feeble  and  sparse  on  D.  glabra  and  D.  ovah's  ; 
strong  and  abundant  on  D.  granulata.  Small  prickles,  rising  from 
the  meshes  of  a  reticulation,  are  scattered  over  D.  tricornisy  D,  Colei, 
and  D.  orbicularis  (?).  A  system  of  oblique  transverse  lines 
characterizes  D.  tesludinea,  A  feeble  reticulation  is  traceal)le  on 
D.  funicidata  and  D.  Scouleri  (?).  Longitudinal  striie  mark  the 
surface  in  D.  Belli  and  D,  striata ;  and  D.  tenni striata  and 
Ik  Youngii  have  lonj^itudinal  costulas. 

In  consideration  of  certain  differences  in  the  carapaces,  we 
separate  Nos.  10  and  11  of  the  Table,  at  p.  liS,  from  Uithyrocaris, 
as  Chctnocaris  tenuistriata  and  Oh.  Youngii^  the  carapace  being 
hivalved  and  gaping.  There  is  also  an  obscure  Devonian  form, 
from  Saalfeld,  to  which  we  refer  as  Chcenocaris  Richteriana. 
We  regard  No.  12  as  having  a  closed  bivalved  test,  and  therefore 
designate  it  as  Calyptocaris  striata. 

We  have  had  the  opportunity  of  studying  an  old  Apus-like 
fossil  *  labelled  *  Burdiehouse.'  It  shows  a  small  circular  carapace 
(measuring  15  by  13  mm.),  with  strong  postero-ventral  angles,  and 
distinct  meso-lateral  ridges  leading  to  them  ;  also  a  slightly  curved 
depression  in  the  middle  of  the  front  border,  and  a  granulated 
margin  throughout 

Mr.  E.   J.   Garwood,  F.G.S.,  who  is   a   member   of  the    British 
Association  Committee  for  defininii:  the  zones  in  the  Carboniferous 

*  Ilibbertia  orbicularis. 
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rocks,  has  jnst  now  forwarded  for  examination  a  very  interesting 
Gollection  of  the  remains  of  Diihyrocarii  ^  from  excavations  in  the 
shales  of  the  Millstone-grit  series  at  Eccnp,  Yorkshire. 

§  II.  In  the  "  Proc.  United  States  National  Museum,"  vol.  xix 
(1897),  Mr.  C.  Schuchart  has  a  paper  "On  the  Fossil  Phyllopod 
Genera  Dipeltis  [Packard  emend.']  and  ProtocartB.**  The  latter  was 
noticed  in  our  Report  to  the  Association  for  1889,  p.  64,  and  in  our 
Ninth  Report  (for  1891),  p.  300.  The  original  genus  Dipeltia  was 
established  by  A.  S.  Packard,  in  the  **  Memoirs  of  the  National 
Academy  of  Sciences,"  vol.  iii  (1885),  Mem.  xvi,  p.  145.  pi.  v, 
figs.  2,  2a,  as  one  of  the  Carboniferous  Xiphosura  of  North  America. 
In  the  December  number  of  "  Natural  Science,"  1897  (vol.  xi, 
p.  401,  figs.  2-5),  in  his  paper  on  "Fossil  Apodidee,"  Mr.  H.  M. 
Bernard  follows  Mr.  Schuchart  in  regarding  the  Dipeltis,  as  defined 
by  the  latter,  as  a  Phyllopodous  Apus-larva.  Mr.  C.  J.  Gahan, 
however,  in  "Natural  Science,"  January,  1898,  pp.  42-44,  points 
out  that  it  is  really  a  larval  form  of  the  Blattarian  insect  Etohlattina, 
described  and  figured  by  H.  Woodward  in  the  Gbologtoal 
Magazine,  1887,  p.  433,  PL  XII. 

§  III.  With  reference  to  the  Bohemian  Estheria  mentioned  at 
p.  4  of  our  Report  for  1893  (Tenth,  1894),  Dr.  Anton  Fritsch  has 
informed  us  that  they  were  named  by  him  in  the  "Sitzungsb.  k. 
bohm.  Gesellsch.  Wissen.,"  1894 :  No.  1  being  Estheria  triangularis, 
Fr. ;  No.  2,  E.  cyenea,  Fr. ;  No.  3  [and  No.  4?],  £,  palaoniscorum, 
Fr. ;  and  No.  5,  E,  calcarea. 


IV. — The  Compakativk  Actions  of  Suba>:rial  and  Subbiarine 
Agents  in  Rock  Decomposition.  By  Thomas  H.  Holland, 
A.R.C.S.,  F.G.S.,  Geological  Survey  of  India.* 

TN  Europe  nearly  all  crystalline  and  igneous  rocks  of  any 
considerable  age  show  signs  of  hydrous  decomposition,  which 
by  the  microscope  can  generally  be  traced  far  beyond  the  limits  of 
the  very  evident  6U])erficial  crust  of  weathered  products  :  in  some 
cases,  like  the  peridotites,  the  changes  due  to  hydration,  even  in 
rocks  of  Tertiary  age,  have  resulted  in  a  prnctically  complete 
alteration  of  the  original  constituents.  In  working  over  various 
parts  of  Peninsular  India,  the  writer  has  been  struck  by  an  almost 
constant  absence  of  any  but  the  most  superficial  traces  of  hydration, 
even  in  minerals  like  olivine  and  nepheline,  which  are  so  noticeably 
susceptible  to  the  action  of  water.  As  in  all  tropical  and  moist 
climates,  however,  a  complete  and  rapid  superficial  decomposition  is 
shown  by  most  of  the  rocks,  and  in  some  areas  they  are  found  to  be 
changed  into  a  ferruginous  clay,  which,  though  forty  or  fifty  feet 
thick,  is  found  to  retain  the  characteristic  macroscopic  structures  of 
the  original  rocks.  In  some  districts,  where  the  atmosphere  is 
always  warm,  and  during  the  monsoon  season  highly  charged 
with  moisture  without  great  precipitation  of  rain,  the   rocks    are 

*  For  which  we  propose  a  new  species,  D.  inngnit, 

^  Read  before  Section  C  (Geology),  British  Aj$60ciation,  Bristol,  1898. 
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limilarly  decomposed  at  the  surface,  but,  on  account  of  the  limitdl 
amount  of  running  water,  the  lime  in  retained  in  the  deoouipositiuu 
products,  and  forms  a  concretionary  '  kankar/ 

In  all  tbeAB  cases,  however,  although  the  action  of  the  atmosphere 
is  BO  striking,  the  results  are  purely  superficial,  and  a  specimen  of 
rock  taken  from  within  a  few  inches  of  the  clay  products  seldom 
shows  a  trace  of  hydrous  decomposition,  even  in  thin  sections  under 
the  microscope.  This  is  just  as  true  for  such  delicate  minerals  as 
olivine  and  nepheline  as  for  the  commoner  silicates.  In  many  of 
the  basic  dykes,  certainly  pre-Cretaeeous  and  probably  Lowtr 
Palaeozoic  in  age,  the  absence  of  serpentine  is  so  complete  that 
nnusual  precautions  are  often  necessary  for  the  determination  of 
the  olivine,  whilst  in  the  numerous  occurrences  of  dunite  throughout 
the  Madras  Presidency  serpentine  is  extremely  scarce.  In  a  nepheline 
syenite  recently  discovered  in  the  Coimbatore  District,  and  at  least 
of  Cuddapah  age,  the  nepheline  on  microscopic  examination  shows 
mere  traces  of  alteration  along  the  fracture  cracks. 

In  the  light  of  European  experience,  where  most  of  our  petro- 

graphical  data  have  been  established,  the  peculiarities  of  the  Madras 

rocks  call  for  some  special  consideration,  and  the  object  of  this  paper 

is  to  suggest  that  the  probable  explanation  of  the  peculiarities  now 

referred   to   arises   from  a   contrast   of  the  geological  histories   of 

the  two  areas.     In  Europe  all,  or  nearly  all,  the  rocks  have  been 

submerged  below  the  sea  during  the  later  geological  periods;    in 

South  India  there  is  no  evidence  beyond  the  immediate  precincts  of 

the  coastline   of  any  depression    below   sea-level    since   Cuddapah 

(probably    Lower   Palaeozoic)    times.      In    Europe,    therefore,    the 

features   generally   attributed    to    weathering    are    the    compound 

effect   of  submarine   and    subaerial    action ;    in    South    India    the 

former  class  of  agencies  has  not  affected  the  rocks  now  exposed, 

and    the    remarkable    freedom    from    hydration    which    the}'    show 

suggest   that   the   action    of    the   atmospheric    agencies   is   purely 

superficial. 

Taking  into  consideration  the  presence  of  lime  carbonate  and 
other  salts,  with  a  larger  proportion  of  carbonic  acid  and  the  great 
pressure  under  which  sea-water  attacks  a  submerged  rock-mass,  it  is 
theoretically  to  be  expected  that  submarine  agencies  are  more  potent 
means  of  decomposition  than  those  of  the  atmosphere  ;  but  these 
South  Indian  observations  tend  to  show  that  serpentine  and  other 
forms  of  hydrated  products  within  rock-masses  are  due  only  in 
a  very  limited  degree  to  true  weathering. 

The  products  of  atmospheric  action  are  removed  from  the  rock 
surface  as  fast  as  they  are  formed,  and  deeper  portions  are  jyari  imssn 
brought  to  the  surface.  It  is  not  improbable  that  it  is  on  account  of 
this  denudation,  which  has  proceeded  without  known  interruption 
for  so  many  geological  ages,  that  relatively  deep-seated  portions  of 
the  earth's  crust  have  been  brought  to  the  surface  in  ]\Iadras,  and 
that  the  crystalline  rocks  there  met  with  at  times  present  peculiarities 
for  which  European  experience  hardly  prepares  us. 
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It  E  V  I  E  TW  s. 

I. — Waohsuuth  akd  Spbihgkr's  Mohosbaph  oh  Crihoids.' 

Fifth  Notice. 

**rpHE  Anal  plates,"  eay  Metisrs.  Wachsmuth  and  Springer,  on 

X  p'  124,  "  bear  a  most  important  part  in  tlie  phylogeoy  of 
Palfcnzoio  CrinoitlB,  and  are  alio  of  Ligh  importance  in  retipect  to 
classification."  This  attniiasion  neceHsitates  careful  inquiry  into  ttia 
Loniologies  of  those  plates.  Tl)e  views  of  our  authors  "  have  uuder- 
giiiiu  considerable  niudifioation ";  but  tlie  discussion  need  not  ba 
complicated  by  allusion  to  earlier  publicatioDs,  however  great  tlieir 
quondam  value,  except  when  they  bave  been  oited  as  evidtmce  in  the 
present  Monograph. 

The  term  'anal  plates'  (analia)  is  now  restrioled  by  Wachamnth 
anil  Springer  to  suoh  plates  of  the  posterior  interradius  as  (1)  "are 
directly  or  indirectly  connected  with  the  anus,"  (2)  "take  part  in 
llie  doi-sal  cup;  the  othtrs  being  plates  of  the  anal  tube"  (tube- 
plates).  The  first  restriction  forbids  the  application  of  the  term  (o 
homologou 


such  of  the  postflrior  interradiali 
tbose  in  other  intcrradii  of  the 
natural.  The  second  restriction 
creates  another.  For  instance,  ii 
erinua  (Fig.  1),  the  plates  of  the 
IhoBe  of  tlie  tube  proper  that  n( 
the  line  to  be  drawn  between  tl 
iiig  to  the  gradual  growth  of 


individual ;  it  is  practicable 
merely  evades  one  ditHcnlty  and 
such  a  Camerate  genus  as  Glyplo- 
up  proper  merge  so  gradually  into 
two  observers  would  agree  upon 
im  in  any  one  specimen ;  further, 
iterbrachials,  plates  that  are  free 


tuhe-plates  in  the  young  become  fixed  cup-plates  in  the  adult,  just 
as  free  brachials  l>ecome  fixed.  Again,  in  such  Inadunate  genera  as 
Deloerinnt*  (Fig.  9)  and  Uloerinui  (Fig.  3),  it  is  hard  to  see,  from 


Fio.  1 . — Glgpleninut  drtadaetglui. 

I.  ynim  posterior  interradins  (after  W. 
Olid  8p.),Bbo<i'iTig  ar,  tbe  ami  rid^i, 
di  riding  the  interliiacbials,  iur. 
11.  Auotliei  Jnt«rradiuB,  for  com- 
puriwD  (iill«r  M«k). 


o.  2. — Anal  area  of  '  Vlorrinui ' 
Btairi  (bas^  on  Miller  &  (italv\'i 
figure).  Tbii  a  Dot  UlerriH'at, 
but  represents  a  staee  betiretii 
ENpaeht/criiiiu  and  uTarriHHt.  It 
strongly  lupport-i  the  liomology 
hero   u'dopted    for    Ibe    anals    ut 

UlocriHM. 

'  Tlie  North  Ameriran  Crinoiilea  Camerala.  Bj  C.  Wachnmuth  and  F.  Sprinj-er, 
M^m.  Mua.  Comp.  Zool.  Harvard,  sols.  >i  and  ixi,  containine  838  pp.  iind  83  pla(i«. 
((■;iraliridg«,  U.S.A.,  May,  1897.)  Kor  First,  Secnnd,  'J'hird.  and  fourth  Kolices, 
si;p  (iLOL.  Mio.  for  June,  Juiv,  September,  aud  Kovembtr,  1B98. 

-  Mi)liT  anA  Gurlcv,  1890  ^OHocrinM  White  pars,  18SU,  uuu  Desoi,  ISib.aec 
Kiioij,'  in  Ubb.  iofditu. 
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Fio.  3. — Vherinta  (diagTammn tiled  from  Miller  &  Gurley  ;    x  j). 
).  PtsWrior  vieit  of  tup  oi  U.  }>uiui.     Xote  tbat  i  i»  not  bo  far  removed  from 
post.  B.  as  in  II,  U.  kaHtattniii.  posterior  yiew.     III.  The  aame  mren  from 
above,  ibowing  the  upper  aurfaee  of  x,  wbich  muet  have  eupporled  tube-plntca. 


^55^X:7 


(g)    $)    (^    (Q)    tg)    ^«H>'-^oMoH> 


Fio.  8.— 2f«rri«i 


V^<,OVX<X 


Fio.  S.—irii'-rrhim.  Fin.  9.-J)^/«TJu"«  (  =  CV'i'iwfi«H»,  White), 

(rjulliue  alW  W,  fc.  Sp.) 
Inalltlie-eaualvS'S  iFij,-*.  4-9;  the  orieJitalion  in  that  of  Fiji.  S-     Th«  plate  i  of 
I'ijS.  3,  u,  and  6  U  tallinl  i  hy  W.  &  Sp.      In  Fig.  i,  t  dfiiolea  the  aiiul  fubu. 


(a#^i^' 


>■";.  10— Migralion  "i  lb..  au:il 

I'risriiiiitinj'  hjliri'en  the  radiiih,  the  j: 
eiciilually  ■trophviug  till  onW  two  small  1 
anal  tnbe  (().     tht  dotted  lines  in 
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Wachsmuth  and  Springer'e  own  diagrams  16  and  17  on  p.  131,  and 
still  more  from  specimens  of  various  species,  why  a  plate,  here  marked 
X,  occupying  almost  exactly  the  same  position  with  regard  to  the  radials, 
should  he  called  '  anal '  in  the  former  and  '  tuhe-plate  *  in  the  latter ; 
or  why  the  plates  marked  t  in  their  diagrams  of  Hyhocrinus  (8;  x  \n 
our  Fig.  6)  and  Poteriocrinus  (16;  r^n  our  Fig.  14)  should  not  beheld 
to  form  part  of  the  cup,  since  they  abut  by  their  sides  on  plates  that 
are  admittedly  oup-plates.  Moreover,  according  to  this  definition, 
the  posterior  interradial  of  the  larval  Antedon  is  an  '  anal '  so  long 
as  it  lies  between  the  radials.  but  a  *  tube-plate '  so  soon  as  it  passes 
above  them  (Fig.  10).  Position,  then,  aifords  no  practicable  or 
consistent  guide.  But  the  proximal  tube-plates  rarely  possess  any 
other  feature  not  shared  by  the  fixed  anals.  Therefore  the  dis- 
tinction between  'anals'  and  *  tube-plates'  rests  on  no  morphological 
foundation,  and  the  terms,  though  convenient  for  general  descriptive 
purposes,  are  out  of  place  in  an  argument  as  to  homologies.  And 
yet,  as  will  be  seen,  it  is  for  the  purpose  of  such  an  argument  that 
the  imaginary  distinction  has  been  emphasized. 

Anals  appear  in  the  cup  in  response  to  the  need  for  widening  the 
posterior  interradius  so  as  to  allow  room  for  the  rectum  internally, 
and  so  as  to  support  the  anal  tube  in  which  the  rectum  is  prolonged 
externally.  We  can  conceive  four  ways  in  which  this  widening 
may  be  effected :  (1)  by  simple  widening  of  plates  already  in 
existence,  as  in  Platycrinidae  ;  (2)  by  splitting  or  duplication  of 
plates,  as  the  proximal  interbrachial  of  Actinocrinidae,  which  is 
represented  by  two  plates  in  the  posterior  interradius :  (3)  by 
intercalation  of  a  fresh  plate  or  line  of  plates,  unrepresented  in  the 
other  interradii,  as,  possibly,  the  large  anal  by  which  Hexacrinidro 
are  distinguished  from  Platycrinidtie,  and  the  vertical  row  of  anals 
in  Batocrinidaa  and  Dimerocrinidae  (=Thysanocrinidse,  W.  &  Sp.)  ; 
(4)  by  the  lateral  displacement  or  partial  atrophy  of  adjacent  radials, 
permitting  other  elements  to  support  the  tube,  as  in  Hybocriniut, 
where  the  right  posterior  superradial  is  pushed  aside  and  the 
proximal  plate  of  the  tube  rests  on  the  enlarged  r.  post,  inferradial, 
which  thus  becomes  a  *  radianal  *  (Fig.  6). 

Now  there  is  no  difficulty  in  any  of  these  conceptions.  The 
examples  just  quoted  are  taken  from  the  preKent  Monograph,  and 
pr(>l)al)ly  would  be  accepted  by  anyone  competent  to  judge.  The 
difficulty  lies  in  the  application  to  certain  cases,  notably  to  the  anal 
area  of  the  Inadunata.  Nearly  the  whole  of  the  sixteen  pages  on 
the  anal  plates  is  devoted  to  a  discussion  of  their  evolution  in 
that  group. 

Most  of  the  Inadunata,  especially  those  with  a  large  anal  tube 
or  sac,  as  well  as  many  of  the  Flexihilia  Impinnata  (=Ichth3'o- 
crinoidea).  possess  in  the  anal  area  of  the  cup  from  one  to  four 
})lates.  These  are  not  introduced  at  haphazard,  but  bear  to  one  another 
and  to  the  other  cup-plates  a  definite  relation.  What  the  precise 
relation  is,  though  agreed  upon  in  some  cases,  remains  an  open 
qijpstion  in  others.  The  fullest  development  is  seen  in  Voteriocrinus 
and  the  imtnedidtely  allied  geneva   (^Fv^.   14).      Here  the  anals  in 
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«ooUot  with  oup-plat«B  are  four  in  number :  a  pUte  (x)  restiiiK  on 
the  tmncat^  npper  margin  of  tbe  postarior  basal ;  a  plate  (RA) 
iwting  between  the  posterior  and  right  posterior  bualB,  abutting 
igwoat  »  on  tbe  left  and  tbe  right  posterior  radial  on  tlie  right,  and 
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loiia'datlulu:  Cairi.  {l>iiii.-raif' ma  tiled 

(After  J.  Hall.)  fcumW.&Sp.) 
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i&vA,«-Hn.-v,  .%",-*.           ?„>,./,«m»«.;;.iiul  »r.-ii.  (Fr..iu  M:«.  liriiiviTi^'  I, 

l.llttr  \V.  &  Si..)               (nL;iu'raiiiiiii.li/t'.i  ft,.iii  l.y  Wathsn.ulh., 

Angdiu  l,y  W.  k  SiJ.) 

fiipporting  by  its  tipper  margin  a  tiihe-plnte;  this  latter  (rl) 
^tveen  x  and  r.  post,  K,  and  is  followed  by  n.  verticwl  scii 
«™ilar  plates ;  on  the  left  of  x,  ami  resting  on  1.  |ionl.  U,  is  a  r 
•""lier  tube-plate  (11),  also  hupportiiif;  a  vertiuiil  seriws:  x 
supports  a  median  vertical  Beriee,  of  wLich  tlie  proxiiuiil  plnte 
"^  ilistiDguisbed  as  ml. 

As  to  the  homologies  of  these  platee,  all  are  now  ajjreed 
RA  represents  the  right  posterior  iiiferr.nlial,  iitnl  n»y  ii.'ime  fi 
'  ffiiinal,"  has  won  gwioml  adoptioii.  Thi^  phile,  as  WaoliM 
*"'i  Springer  rightly  insist,  is  alwiiys  found  to  altuniutu  wnh 
iiriiierlyiiig  basals;  in  the  early  ntnges  of  pbylogeriy  it  aui>\n 
a nuperradial  of  equal  widlli.  but  tlinl  beciiiiie  ."ijuerKi'd  t>*  Uic 
*"  tlie  aual  plalsB  Jenh^ieti :  uomimro   thUrociinut  (t"vg.  o 
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Dendrocrinus  (Figs.  12  and  13).  Thus  RA  altered  in  outline,  and 
was  brought  into  contact  witb  other  anal  plates;  first  with  x  (as 
in  Dendrocrinua  and  BomocrinvSt  Fig.  7),  then  also  with  rt  (as  in 
Foteriocrinus  and  allies.  Fig.  14),  while  it  might  even  support 
a  third  plate  to  the  right  of  rt,  as  in  some  species  of  Parisocrinns 
(Fig.  16).  In  some  later  genera,  such  as  ZeacrtnuB  (Fig.  8), 
HA  increased  in  size  and  rt  was  again  raised  above  the  level  of  the 
cup;  while  in  Ulocrinus  (Fig.  3)  the  plate  x  also  was  (to  use 
Wachsmuth  and  Springer's  expression)  **  crowded  out  by  the  large 
radianal."  In  other  genera,  however,  BA  became  reduced  and 
finally  disappeared  (e.g.  Delocrinug,  Fig.  9). 

To  turn  to  rt,  the  plate  which  in  Poteriocrtnm  (Fig.  14),  Atelesto- 
crtnuSf  and  similar  forms  rests  between  x  and  r.postB  and  on  RA, 
and  therefore  in  the  limits  of  the  cup :  it  is  admitted  that  this 
is  subsequently  pushed  up  out  of  the  cup  (e.g.  Zeacrinus  and 
Ulocrinus,  Figs.  8  and  3) ;  further,  that  it  was  at  an  earlier  stage 
resting  on  the  left  shoulder  of  r.  post.  R«  (e.g.  Dendrocrtnus  and 
Uomocrinus,  Figs.  12,  13,  and  7).  To  this  extent  I  am  in  full 
accord  with  Messrs.  Wachsmuth  and  Springer,  and  would  point  out 
that  ibis  admission  stultifies  their  distinction  between  anals  and 
tuhe-plates,  and  allows  that  a  tube-plate  can  sink  down  into  the  cup. 

In  Beterocrinus  (Figs.  5  and  17)  and  Ectenocrinus  a  single  plate 
at  tho  base  of  the  tube  rests  on  the  shoulders  of  the  two  posterior 
radials,  which  are  here  not  separated  by  any  anal  plate.  This 
proximal  single  plate  is  considered  by  Wachsmuth  and  Springer  to 
*'  take  practically  the  place  of  the  three  plates  [It,  rt,  and  mi]  in 
Dendrocrinu8.**  They  also  homologize  it  with  the  proximal  tube- 
j)hite  of  Hybocrinus,  which  they  say  on  pp.  129,  130,  133  has 
a  similar  position.  This  is  a  peculiar  slip,  for  their  own  figure 
shows  that  this  plate  in  HyhocrinuB  lies  between  the  posterior  radials 
on  a  large  radianal  (Fig.  6).  They  also  homologize  with  this  the 
proximal  tube-plate  of  locrinus  (p.  130)  and  apparently  Merocrinus 
(p.  128);  but  this  plate  rests  only  on  the  right  posterior  superradial, 
absolutely  outside  the  cup,  and  is  removed  by  the  whole  height  of 
that  i)late  from  the  left  posterior  radial  (Figs.  4  and  11).  If,  therefore, 
these  homologies  of  Wachsmuth  and  Springer  be  accepted,  it  follows 
that  the  plate  in  question  {i  in  their  figures,  x  in  ours)  moved  either 
from  a  position  well  above  the  radial  circlet  {locrinus)  to  one-half 
within  it  (Ectenocrtnus) ,  and  finally  entirely  within  it  { Hybocrinus) , 
or  in  the  reverse  direction.  Either  view  is  in  direct  contradiction 
to  their  statement  on  p.  132  that  "there  was  no  sinking  of  the 
plate  ^  which  never  moved  from  its  place  above  the  radials."  Tliat 
is  another  of  those  dogmatic  general  assertions  which  are  useful 
to  dispose  of  other  people's  theories,  but  are  overlooked  when  the 
opini(^n8  of  Messrs.  Wachsmuth  and  Springer  would  be  invalidated 
by  them. 

Eightly  or  wrongly  (in  the  main,  I  believe,  rightly)  our  authors 

have    thus    far    explained    the    modifications    of    the    anal    area 

Iff   Jnadnnaia   on   principle   4   of   the   above   list,  namely,  by  the 

ahirtiiig,  atrophy,  and  growth  of  cerlam  constant  elements.     But 
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^whea  they  tura  to  the  plate  whioh  they  term  x,  the  case  is  altered. 
Tbey  start  off  by  saying  that  this  ^*  is  the  homologue  of  the  '  special ' 
or  '  iirst '  anal  plate  of  the  Camerata,  and  rests  upon  the  truncated 
posterior  basal."    This  begs  the  whole  position  :  it  is  equivalent  to  an 
a»Bertion  that  x  is  suddenly  developed  in  that  position,  and  that  it 
caoDot  possibly  be  homologized  with  any  plate  that  does  not  truncate 
the  posterior  basal.     As  they  express  it  on  p.  132,  '*As  the  tube 
became  larger,  the  radials  spread  out  [i.e.  apart] ,  and  the  vacant  space 
thus  formed  was  filled  by  a  new  plate  x"    This  explanation,  though 
involving  a  different,  almost  an  opposing,  principle,  may  possibly  be 
correct.     But  one  would  like  to  have  some  attempt  at  proof.     One 
would   expect    to    be   shown    primitive   genera   in   which   x  first 
appeared  as  a  narrow  strip  separating  the  radials   and  gradually 
widening.     But  no  evidence  of  the  kind  is  adduced.     As  for  the 
argument  based  on  a  supposed  homology  with  certain   Camerata 
(p.   130),  it  must  be  recognized  clearly  that  the  appearance  of  x 
in  Inadunata  stands  in   no  genetic  relation  to  the  appearance  in 
Camerata.      If  the  plate  x  be  not  a  primitive  structure,  then  its 
acquisition  by  Inadunata  must  have  been  independent  of  anything 
that  may  have  taken  place  in  Camerata.      The  sole  value  of  the 
comparison  lies  in  its  suggestion  that  what  was  possible  in  one 
group    was  also   possible    in    the   other.      But   among    Inadunate 
genera  themselves,  Carabocrinus  has  an  obvious  additional  supple- 
mentary plate  in  the  anal  area  of  the  cup  ;  so  that  the  possibility 
of  a  similar  origin  for  x  may  be  freely  admitted.     The  probability, 
considering    the   persistence   and    frequency   of    the    structure,    is 
a  different  matter.^ 

Before  accepting  the  above  hypothesis  as  to  the  origin  of  a;,  we 
have  to  consider  whether  any  other  hypothesis  has  been  proposed. 
Wachsmuth  and  Springer  do  in  fact  honour  with   courteous   and 

^  Wachsmuth  and  Springer  are  wrong  in  thinking  that  I  ever  denied  the  general 

homology  of  X  with  any  plate  in  the  Camerata.     In  a  paasage,  which  they  (juote 

almoet  accurately,  I  once  said,  **  it  may  be  pointed  out  that,  as  interradials  do  not 

enter  into  the  composition  of  the  dorsal  cup  in  any   FLstulate,    none  of   these 

[anal]  plates  can  well  be  the  homologues  of  interradials  :  in  many  of  the  Carnerut^i 

actual  interradials  are  present  in  the  anal  area,  but  in  the  Fistulata  at  least  we  munt 

look  elsewhere  for  the  origin  of  the  so-called  '  anal '  plates  "  {Ann.  Ma^.  Kat.  Jltst. 

[^]»  T,  p.  319).     IlaTing  regard  to  the  meaning  at  that  time  attaclud  to  the  term 

*  interradials,*  it  is  clear  that  this  merely  meant  that  the  anals  of  Fistiilutu  could  not 

iiave  been  developed  by  the  modification  of  interradials,  since  no  such  elenn-nts  pre- 

^listed  in  that  suoorder,  whatever  might  have  been  the  case  in  Camerata.     As  to  the 

cuiirse  of  evolution  in  Ichthvocrinidie  and  the  Camerata  I  said  plainly  (op.  cit,,  ]).  331) 

**1  can  express  no  opinion.       It  should  have  been  impossible  to  inler  from  this  that 

"Bather  makes  no  reference  to  the  anal  plates  of  the  Jchthyocrinidiv,  but  regards  the 

aoals  of  the   Camerata  as  morphologically  distinct  from  those  of   the  Fis>tulata 

•    .    .     .     because  they  [Fistulata]  possess  no  interbrachials.'*      Again,    1  said 

that  one  had  no  rijght  to  regard  the  anal  plate  of  Antidon  as  a  mere  iutiirradial 

when  there  were  no  such  plates  in  the  other  interradii.     Wachsmuth  aud  Springer 

s^m  to  think  this  nonsense  (p.  139) ;  yet  in  the  very  next  paragraph  they  say  that 

the  **  large  interradial  plate  '*  on  which  rests  the  anal  tube  of  Thaumotocnuus  "  is  not 

a  special  anal,  for  a  similar  plate  is  interposed  between  the  radials  of  the  other  four 

sides.'*     But  this  is  the  precise  and  legitimate  converse  of  the  very  argVLivie\it  l\vA.t. 

they  ridicule. 
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detailed  disoussion  the  bypotbesis  proposed  by  me  in  April,  1890,^ 
and  already  oritioized  by  tbem  in  February,  189 !•'  Long  ago* 
I  showed  that  their  representation  of  my  views  was  based  on 
misconceptions,  and  again/  while  accepting  a  part  of  their  criticism, 
took  the  opportunity  of  re-stating  my  main  position.  By  ignoring 
these  protests  in  this  Monograph,  Messrs.  Wachsmuth  and  Springer 
have  readily  gained  credit  for  the  apparent  demolition  of  my 
supposed  theories.  A  short  re-statement  of  views  already  published 
by  me  may  therefore  be  pardoned. 

First,  then,  I  have  maintained  "that  the  lowest,  median,  posterior 
plate  of  the  ventral  tube  is  always  this  same  plate  (a;),  whether 
it  be  right  above  the  radials,  as  in  locrinus  and  MerocrinuB,  resting 
on  the  radials,  as  in  Heterocrinus  and  Casiocrinuij  between  the 
radials  but  not  in  line  with  them,  as  in  HomocrinuB  and  Dendroerinusy 
in  line  with  the  radials,  as  in  Botryocrinus  and  Cyathocrinw,  or  rising 
above  the  radials  again,  as  in  the  later  Decadocrinidas  [^Delocrinus, 
Ulocrinus,  Erisocrinus]  and  in  the  larval  Antedon.**  *  Any  objections 
to  this  homology  based  on  an  alleged  difference  between  anals  and 
tube-plates,  or  on  the  supposed  impossibility  of  plates  sinking  into 
the  cup,  have  already  been  proved  groundless  by  the  admissions  and 
arguments  of  the  objectors  themselves.  Moreover,  since,  as  regards 
the  other  anal  plates  (BA,  r(),  it  is  now  admitted  that  change  took 
place  by  gradual  modification  of  constant  elements,  the  burden  of 
proof  should  lie  with  those  who  imagine  the  sudden  introduction 
of  a  new  element.  The  statement  of  Messrs.  Wachsmuth  and 
Springer  that  **  this  question  was  not  discussed  by  Bather,"  however 
true  it  may  be  for  my  paper  of  1890,  is  hardly  one  that  should  have 
been  published  five  years  after  I  had  discussed  the  question  in  more 
than  one  place.  As  for  the  1890  paper,  it  must  be  remembered  that 
the  distinction  between  tube-plates  and  anals  was  not  attempted  by 
Wachsmuth  and  Springer  till  1891.  • 

Secondly,  I  showed  that  if  the  known  genera  were  arranged  in 
a  series  according  to  the  admitted  evolution  of  the  radianal,  then 
one  could  trace  a  gradual  descent  of  the  proximal  median  plate  of 
the  anal  tube,  from  the  left  shoulder  of  the  right  posterior  super- 
radial,  to  a  position  between  the  posterior  radials  and  resting  on 
the  posterior  basal ;  and,  following  this,  the  descent  of  rt  from  a  yet 

1  Ann.  Mag.  Nat.  Hist.  (6),  toI.  v,  pp.  319-334. 

»  Proc.  Acad.  Nat.  Sci.  Philadelphia,  vol.  for  1890,  pp.  346-392. 

3  Ann.  Mag.  Nat.  Hist.  (6),  vol.  vii,  pp.  480-489,  June,  1891. 

♦  Ann.  Mag.  Nat.  Hist.  (6),  vol.  ix,  pp.  64-66,  Jan.  1892. 

*  Loc.  cit.  ult. 

'^  In  reply  to  their  present  assertion  (p.  128)  that  they  had  always  regarded  the 
proximal  posterior  plate  of  locrinus  and  Meroerinus  **as  a  plate  of  the  tube,**  and 
tiad  '*  never  made  any  statement  from  which  be  might  infer  tbat  we  thougbt  it 
represented  tbe  plate  x ;  yet  be  quotes  us  in  bis  diagrams  as  if  we  bad  done  so  in 
1879,"  it  is  enough  to  say  tbat  in  plate  xvi  of  their  "  Revision  of  Palajocrinoidea,** 
1879.  the  letters  an  are  applied  equally  to  tbe  median  line  of  tube-plates  in  locrinM, 
to  the  plate  which  they  now  and  always  have  bomologized  with  tbe  proximal  of  those 
median  plates  in  Anomalocrifius  and  Myboerinui^  and  to  the  plate  x  of  Cyatkoerxnw, 
With  this  before  me,  why  on  earth  should  I  have  introduced  into  a  diagram  doubts 
that  hud  never  occurred  to  me  or  anyone  else  ? 
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higher  position  into  the  space  between  x  and  r.  post  B«,  and  resting 
on  RA ;  and,  eventually,  the  retracing  of  these  steps,  accompanied 
by  gradual  atrophy  of  all  the  anal  plates. 

Kow  the  present  Monograph  admits,  as  we  have  seen,  the  sinking 
and  re-raising  of  ri ;  it  also  admits  the  sinking  of  the  proximal 
median  plate  of  the  tube  from  its  high  position  in  Merocrinua  and 
loerinut  to  its  low  position  in  Heterocrine  and  Ecienocrinus,  and  its 
still  lower  position  in  Hyhocrinus  ;  finally,  it  admits  the  sinking  of 
plate  X  from  a  level  more  than  half  its  height  above  the  radials,  as 
in  MomocrinuBf  to  the  level  of  the  radials,  as  in  CyathocrinuSt  and 
its  final  expulsion  from  the  cup.  What  it  does  not  admit  is  the 
possibility  of  a  proximal  tube-plate  sinking  down  between  the 
radials  so  as  to  touch  the  basal. 

llias  the  missing  link  in  our  chain  of  evidence  is  so  slight,  and 
is  of  a  nature  so   in  accordance   with   links   that  are   known   or 
admitted,  that  we  must  demand  some  good  reason  for  the  refusal 
to  imagine  this  link  and  for  the  substitution  of  an  entirely  novel 
postulate.      The    only   tangible    argument    to    be    found    in    the 
Monograph  is  given  on  p.  133,  as  follows: — *'lf  it  were  true  that 
the  plate  of  locrinua  to  the  left  of  the  supraradial  [r.  post.  Ks] 
passed  down  in  later  forms  to  the  basals,  it  would  mean  nothing 
less  than  a  partial  revolution  of  the  entire  tube.     This,  however, 
is  disproved  by  the  structure  as  well  as  the  palaBontological  develop- 
ment of  the  tube,  which  latter  is  generally  composed  of  longitudinal 
rows  of  hexangular  pieces,  alternating  in  adjoining  rows.     In  the 
earlier  and  simpler  forms  the  tube  consists  of  only  five  series,  cue 
to  each   interradius,  that   of  the   anal   side    resting  upon   plate  t. 
Later  on,   as   the   tube   grew    larger,    a   new    row   of  plates    was 
inirodueed  with  plate  x  supporting  it.     When  there  are  three  series, 
as  in  Dendrocrinus,  the  third  generally  rests  upon  one  side  of  the 
left  posterior  radial.      The  arrangement  of  the  plates  within   tlie 
rowsisso  regular  that  if  a  sinking  of  the  plate  t  had  taken  place 
it  would  certainly  be   indicated   by  some   disturbance  among  the 
lower  plates  of  the  tube.     In  species  where  the  tube  has  more  than 
three  rows,  one  or  more  of  the  primary  rows  dichotomize  at  feonie 
distance  from  the  cup.     [Compare  Figs.  12  and  13.]     The  fact  that 
the  iacrease  of  the  tube  phylogenetically  took  place  by  the  intro- 
<Juotiou  of  new  rows  of  plates,   is  a  strong  argument  in  favour  of 
pur  idea  that  the  plate  x  is  also  a  supplementary  piece,  and   was 
lutroduced  in  the  same  manner  as  the  plates  which  it  supports.'* 

If  the  statement  which  I  have  italicized  were  **  a  fact,"  it  would 

l>e  not  merely  "a  strong  argument,"  but  absolute  proof.     But  it  is 

nierely  another  phrasing  of  the  very  idea  that  is  to  be  proved ;  and 

it  is  a  phrasing  that  emphasizes  the  difficulty,  for  it  maintains  that 

the  stout  median  line  of  the  tube  in  locrinus  and  Merocrinus  becomes 

replaced  by  another  stout  median  line  in  Homocrinns  and  Dendro- 

erinuSf  and  itself  assumes  a  subsidiary  positicm.     No  proof  havS  yet 

been  given  that  the  added  series  may  not  be  those  starting  from 

rt  and  Itj  rather  than  the  two  adjacent  ones  starting  from  x  and  It, 

As  fur  "disturbance/*  MVachsmuth  and  Springer's  own  \u\Ait\)v^^.«kX\vi\i 
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of  Dendrocrinu8  and  Poteriocrinus  makes  rt  descend  into  the  cup 
with  no  disturhance,  but  with  the  development  of  a  new  plate, 
which  both  in  Poteriocrinus  and  Cyathocrinus  occupies  the  position 
formerly  occupied  by  rt  and  by  the  proximal  median  tube-plate  of 
MerocriiiHs  and  locrinus.  A  similar  process  is  shown  by  their 
drawings  to  have  taken  place  on  the  left,  though  to  a  less  extent. 
This  "disturbance"  is  a  mere  bogey  :  if  ar  did  sink,  it  did  not  slide; 
it  gradually  grew  downwards  at  its  lower  margin,  as  the  basal  and 
raiiianal  grew  upwards  to  meet  it,  and  as  it  gradually  became 
resorbed  at  its  upper  margin;  and  the  adjacent  plates  were  not 
dinturbed,  but  all  sank  along  with  it,  as  has  been  shown.  If 
"disturbance"  is  not  all  nonsense,  then  take  a  tube  fixed  at  one 
end  and  "composed  of  five  longitudinal  rows  of  hexangular  [«c] 
pieces,  alternating  in  adjoining  rows,"  and  intercalate  a  sixth  row. 
Try  with  bits  of  card.  You  cannot  do  it  without  "disturbance": 
one  at  least  of  the  adjoining  rows  must  be  raised  or  lowered.  So 
that  this  "  introduction  of  a  new  row  of  plates "  effects  the  very 
change  that  it  was  designed  to  avoid. 

These  rather  polemical  arguments  are  introduced  to  show  that 
Wachsmuth  and  Springer  have  neither  disproved  my  hypothesis  nor 
proved  their  own.  What  they  have  done  is  to  show  that  the  facts 
at  present  known  do  admit  of  moi^  than  one  interpretation  from 
the  ordinarily  accepted  morphological  standpoint.  They  might  have 
adduced  the  additional  argument  that  the  gap  between  the  supposed 
position  of  x  above  the  radials  and  its  position  between  the  radialt*, 
almost  coincided  with  the  gap  between  Monocyclic  and  Dicyclio 
Inadunata.  Merocrinua  is  the  only  Dicyclio  genus  of  the  former 
group ;  Belemnoerinus  and  Missotiricrinus,  the  only  Monocyclic 
genera  of  the  latter.  This  of  itself  is  enough  to  justify  a  cry  for 
further  facts. 

The  third  conclusion  of  my  1890  paper  is  one  that  I  have  long 
since  (1892)  admitted  to  be  non-proven.  Nevertheless  our  authors 
deem  it  worth  while  to  devote  considerable  space  to  a  discussion  of 
it,  in  the  course  of  which  they  evince  as  much  ignorance  of  their 
own  writings  as  of  mine,  and  a  strange  disregard  of  facts.  The 
conclusion  was  "that  x  originated  as  a  plate  morphologically  cor- 
responding to  an  ordinary  brachial,"  and  it  was  suggested  that  the 
median  row  of  tube-plates,  or  mid-rib,  of  the  anal  tube  of  Merocrinus 
an«l  locrinus,  represented  a  series  of  modified  brachials  (lIBr),  up 
which  the  ventral  perisome  around  the  anus  had  extended. 

The  rejection  of  this  hypothesis  does  not  involve  the  denial  of  the 
previous  conclusion  as  to  the  place  of  origin  of  the  proximal  tube- 
plate,  though  my  critics  persist  in  confusing  the  two.  Their  only 
serious  argument  is  the  impossibility  of  reconciling  my  hypothesis 
with  the  (alleged)  homology  between  the  mid-rib  of  the  locrinus 
tube  and  the  median  anal  series  of  Camerata,  an  argument  sufficiently 
discounted  by  the  impossibility  of  proving  the  homology  in  question. 

On  the  other  hand,   various  facts   concerning  the   anal   tube  of 

Jnnrlnnata,    some   of   which    have    come    to    my    knowledge    since 

/  £jiit  propounded  this  hypothesis,  warn    us  not  to  reject  it  too 
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liastily.  Tbey  are  as  follows : — The  tube  is  closely  conneoted 
with  tbe  right  posterior  ray,  it  being  up  this  side  that  the  rectum 
passes;  in  locrinus,  MerocrinuSf  and  Castocrtnua,  and,  to  a  less 
extent,  in  Heterocrintia,  jEcUnocrinuSf  and  OhiocrinuB^  the  proximal 
plate  of  the  median  row  rests  on  the  right  posterior  snperradial ;  ^ 
in  locrinus  the  articulation  between  the  superradial  and  this 
proximal  plat«  differs  from  that  between  the  superradial  and 
the  first   brachial    only  in  size;'    in    many   early   Inadunata   the 

'  Since  I  utilized  this  fact  as  an  arf^ment,  Wuclisinuth  and  Springer  have  persisted 
in  denying  its  truth  and  have  stigmatized  my  diuu^ranis  as  incorrect.  It  it  was  nut 
tnie,  why  did  they  in  •*  Revision  of  Palajocrinoidea,"  iii,  pp.  206,  207,  write  thus : — 
In  EeteMcrtHMs  the  r.  post.  **  radial  ....  upon  its  upper  side  supports  the 
brai'hials,  ginng  otf  laiendly  a  small  ventral  tube'  ;  and,  in  IleUrocnnus  •*  the 
mudler  radial  Is  transversely  pentagonal,  and  resembles  in  outline  a  bifurcated  plate 
[fljiWtfrf].  It  supports  upon  its  sloping  right  side  the  brachials  ;  toward  the  left  the 
Ventral  sac  as  in  locrinuB.  ?  My  diagram  of  Hefcrocrinus  was,  as  stated  at  the  time, 
ttken  from  the  drawing  of  H.  MlevdUntis  by  W.  U.  Billings,  whose  dtjscription  is 
in  complete  accordance  with  the  foregoing  remarks,  as  pointed  out  in  *'  Cnnoidca 
of  Gotland,  I  **  (1893),  p.  72.  I  have  no  hesitation  in  saying  that  this  mode  (»f 
d«cription  is  ab«olutely  correct.  I  have  most  courteously  been  given  the  opportunity 
of  Htodying  a  ven.'  large  series  of  specimens  of  UeUrocrinua  and  allied  genera  from 
the  Trenton  Limestone  in  the  Walcott  collection  at  the  Museum  of  Comparative 
Zoc»U»g:>-,  Harvard.  In  these  x  is  invariably  closely  attached  to  r.  post.  K*,  although 
in  many  specimens  it  is  clearly  separated  from  1.  pobt.  U.  In  Kevenil  the  KR  have 
become  separate  from  one  another,  probably  by  pressure,  and,  when  the  posterior 
interridius  is  the  one  exposed,  it  is  always  seen  that  the  line  ot  division  passes  to  the 
Ifft  and  not  to  the  right  of  x.  This  proves  (so  fur  as  the  consistent  testimony  of 
hundri-ds  is  to  be  held  as  proof)  that  the  union  between  x  and  r.  post  11  is  much 
stn)n;^;r  than  that  between  z  and  1.  post.  R,  even  th(»uj^h  the  geometrical  relations 
of  the  two  radials  to  x  may   occasionally  be   similar.      Lut   x   rarely  does   ho 


Fio.  17.  —  Anal  area  of  type  -  specimen  of  HrUrvcritma 
i/todacfj/lu8  in  Dyer  Coll.  at  Mum.  Conip.  Zool., 
Harvard.  Said  by  S.  A.  Miller  to  be  svn.  of 
Ohiocrinus  compucltat.  This  shows  far  closer  con- 
nection ot  X  with  r.  post.  R«  than  with  1.  p«»st.  R. 
(Enlarged.) 


symnietrieally  to  the  adjacent  radii :  it  is  nearly  always  towards  the  ri^rht  of  tlie 
interradius  :  its  two  sides  abutting  on  r.  post.  R«  and  its  IBr,  are  strai^'ht  and  nuit 
almost  at  a  right  angle,  whereas  the  side  or  sides  abutting  <m  1.  po>t.  R  and  its  IlJr, 
Kfumlly  form  a  continuous  curve  rather  than  an  angle  ;  in  all  ca-^es  where  there  is 
^"y  fiwelling  of  the  radials,  or  any  development  of  axial  folds,  then  x  is  charly 
'■•^nntftwi  with  the  swelling  or  fohl  of  r.  post.  R,  and  in  no  way  with  that  of  1.  po>t.  R 
'%•  17;.  These  statements,  which  may  be  veriti«.il  l)y  anybody,  refer  specially  to 
the  Heterocrinidsp,  though  many  of  them  hold  good  for  species  not  in  that  family. 

'  Wachsmuth  and  Springer  again  criticize  my  application  of  the  term  *  axillary ' 
^  the  r.  post.  R*  of  Ioci'inu8.  They  take  no  notice  of  mv  explanation  ("  Brit.  Foss. 
Crin.  Ill,"  Ann.  Mag.  Nat.  Hist.  |_6],  vi,  Sept.  1K90,  p.228).  Rut  there  is  more  to 
"^  *iid  for  the  application  than  1  was  then  aware  of.  The  accompanying  drawings 
[^^R-  18)  were  made  from  specimens  of  locrinus  8Hhcraf>sus  in  the  Mus.  Ctuup.  Z(»ol. 
"j»nard.  I  shows  the  inferradial,  superradial,  and  first  brachial  of  the  r.  pi)>t. 
J^^us  from  inside  ;  the  anal  tube  is  broken  off,  but  its  ventral  groove  is  seen  passing 
"•'*n  the  Rj  and  coalescing  in  the  Ri  with  the  ventral  groove  of  the  arm.  II  shows 
^"♦^  articular  surface  of  Ki  with  the  domnl  iiganieut-Iossa,  t\ie  two  \uwsc\\i-\>V\\.vi^, 
^^a Blread/ dividiug  wntrnl grooYc.     Ill  ujjd  IV  show  the  two  up^^t  yLi\.\vi\]L^V3kX 


s 
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plntea  of  the  mediaa  Miiei  are  strangely  like  ann-plateB,  bolli 
iu  exIerDoI  view  and  in  eeotion,  as  I  have  Secured  in  Pisocrtunt 
and  Caleeocritm*  ("  Crinoidea  of  Gotland  ") ;  in  loerifuu  the  Daedian 
series  liae  an  internal  groove,  similar  to  the  ventral  groove  of  the 
right  posterior  arm,  with  wbioh  it  ooaleeoes  in  the  superradial ;  this 
evidence,  as  well  aa  the  external  folds  of  the  plates,  shows  that  the 
median  anal  series  of  this  and  similar  early  forms  was  innervated 
from  the  axial  oord  of  the  right  posterior  ray. 

I'hese  faots  form  an  aoonmulation  of  evidence  pointing  in  one 
direction.  Is  there  any  a  priori  reason  why  the  suggestion  should 
be  rejected?  It  is  not  so  very  startling.  I  have  not  maintained 
that  an  arm-branoh  with  its  covering-platea  and  other  organs  was 
metamorphosed  into  an  anal  tube.  I  have  not  even  suggested 
a  change  of  essential  function  for  the  brachials  themselves.  The 
function  of  braohiale  is  to  afford  a  flexible  support  to  extra- 
calycjnal  extensions  of  oalycinal  organs,  and  this  is  the  function  of 
the  mid-rib  of  the  anal  tube  in  loerinui.  Why,  I  have  asked,  may 
not  the  tegmiual  perisolne  become  extended  along  an  arm-branch 
in  the  region  adjoining  the  anus,  just  as  we  know  that  it  is  extended 
in  other  regions  ?  We  know  that  arms  may  become  partly  in- 
corporated in  the  oup  by  a  web-like  extension  of  tegminal  plates 

surlnrea  nf  Hi,  Til  an  the  left,  bearing  the  median  proximal  anal,  IV  on  the  right, 
buaring  the  firat  braGhial ;  in  each  are  to  be  aeen  the  dorsal  ligament- foaaa,  tvo 
niuflcle.plalea  and  fomm,  and  a  wide  Teotral  groove  merging  into  a  narrow  lonpue 
where  the  siial  cord  laf.    These  faclfl  prore  :  (I)  that  r.  post.  Rt  was  united  to  the 

troiimnl  anal  in  the  same  iray  as  to  IBr, ;  (2)  that  the  unnl  mid-rib  via  innerratAl 
y  ttio  aame  aiial  cord  aa  itas  the  r.  post.  ann.  From  which  we  infer  (I)  that  the 
|>ra]iimii1  anal  in  laniniii  actunll;^ is  "  n  pln(«  carretpoDding  to  nn  ordiniiiy  brachial  " 
in  blrui'luni ;  (2)  that  the  mid-rib  inny  have  arisen  as  u  braurh  of  r.  post,  snn ; 
(3j  that,  in  any  case,  the  applii:atiun  of  the  term  aiillare  t«  r.  poet.  Ri  in  Sacrinut  is 
w,irrante<l  by  something  more  than  the  "  angularity  which  occurs  upon  the  upper 
fan.',"  "the  form  of  the  pistes  succeeding  it  to  the  left,  luid  the  slauting  podtion  of 
the  posterior  arm  to  the  right "  (W.  4  Sp.,  p.  129). 


.  IR. — Ossicles  of  locrinui,  probably/,  lubcmiiia,  iu  Mus.  Comp.  2ool.  IlarTRn]. 
I.  Right  posterior  infeirsdial  (Ri)  and  euperrndiuJ  (R>)  and  first  primibrach 
(IBfi)  seen  from  interior  qf  cup.  II.  Upper  articular  surface  of  Ri ;  groove  on 
Icit  goes  Co  X,  that  on  right  to  brachisls.  III.  Left  upper  arlicular  surface  of 
lif,  Bupportiug  I.    IV.  Kiglit  upper  articulur  surlace  of  £i,  supporting  IBfi. 
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Wweon  tbem.  In  Vintaerinvt  Bome  pinnnlee  (which  are  only 
leaser  ann-bmiaheR)  are  bo  modified  by  thii  inoorpontiou  that  lU«y 
liftve  lost  their  origioal  brachial  oharacter  almost  to  their  lips. 
Culanoeniiiu  belongs  to  a  faratty  in  which  there  is  m  a  rule  no 
inal  tube  of  any  consequence;  but  in  this  genus  the  tube  is 
20mm.  long  and  5  mm.  in  diameter  half-way  up,  and,  aooonlins 
to  Alexander  Agageiz,  it  waa  "  for  more  than  half  its  length  ri^iilly 
uMered  to  the  edge  of  the  adjaceut  arm  and  pinnule  joints."  '     The 


!■  Paltriof  tIbw 

br-chjala.      ,      .  ,  ,  .    „       . 

II-  £idia]  tmil  prniiiDiil  brauhiHla  hku  from  initide  of  cup,  sbowing  uttai'hi 

interbriicQiaU.    (Much  eulacgcd,  aud  cumbiiied  Cruin  pi.  iii,  fig,  6,  and  ]jl.  xi, 
fig.  2.) 
III.  A  limilar  poHioo  seen  from  Die  side,  showing  tbe  interhrachials  (iinslinilnl) 
iCtachedlo  the  bracbials  and  pinaulan  (shaded),    (Entargi-'d,  iiam  pi,  iii,  lig.  5] 
All  after  Al.  Aga&iiz.     At,  anus;   B,  bsaal ;  IBr,  primihrochB ;  illr,  iutor. 
bncbiali ;  pit,  pianulan. 
food-grooves  of  the  pinnules  involved  enter  the  t«guen  at   some 
distance  from  the  bases  of  the  pinnules,  and  thence   pass  to  tlie 
"outh.      Thus    half    the    pinnule    supports    a    food-groove    with 
^■wcialed   orjrans,    while    the   other   half  supports  an    antil    tube 
(fig.  19).     We  have  only  to  aiipposo  the  attachment  of  the  tube 
**  ibe  first  pinnule  of  the  right  posterior  arm  for  a  greater  distance, 
^"d  we  should  see  a  state  of  things  almost  precisely  similar  to  that 
*'iich,  on  my  bypothesis,  was  the  case  in  Jocrinws, 

There  is,  then,  no  difficuily,  morphological  or  physiological,  in  my 
".Tpothesis.  But  it  will  not  be  proved  until  there  be  found  an 
siieestor  of  the  Heterocrinida  with  the  mid-rib  of  the  anal  tube 
frpe  at  its  distal  end  and  grooved.  To  such  a  condition  tiint 
Wlierwiae  incomprehensible  structure,  the  anal  appendage  of 
Thaamalocrinta,  may  be  a  partial  reversion.' 

'  ■'  CaUmncrinm  Diom^d^  "  ;  Mem,  Miis.  Comp,  Z«o\.  Ilonnrd,  v.il,  :ivii,  X.>.  2, 
Jan,  18W2  ;  see  p.  36.  The  adjoining  figures  are  adapted  from  this  uiartelliPiHly 
dualled  wnrk. 

=  r,  II.  Carpenter,  "  Oa  a  new  CrinoiJ  from  the  SoUthoru  Si;a"  :  Tiwi.  Ivwii., 
im,  pt.  hi,  pp.  319-933,  pL  hoi;  aeo  pp.  92i,  HSO. 
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A  more  serious  diffioulty  than  any  mentioned  by  Waobsmulh  and 
Springer  seems  to  me  to  lie  in  the  existence  of  an  anal  between 
the  posterior  radials  of  HyhoeyaUs  and  Hyhocrinus  (Fig.  6).  These 
primitive  genera  undoubtedly  suggest  the  view  that  both  anal  x  and 
the  radianal  were  original  elements  of  the  dorsal  oup.  I  used  onoe 
to  think  that  some  suoh  view  had  been  maintained  by  Wachsmuth 
and  Springer,^  but  they  have  stoutly  disowned  the  imputation.^  On 
that  view,  both  anal  tube  and  arms  would  be  outgrowths  of  the 
thecal  wall,  containing  extensions  of  internal  organs,  and  composed 
of  a  dorsal  or  outer  series  of  supporting  plates  and  a  ventral  or 
inner  series  of  protecting  plates.  Thus  the  mid-rib  of  the  anal  tube 
wouhl  still  be  in  a  general  way  homologous  (or  more  definitely, 
'  serially  homoplastic ')  with  the  brachials ;  and  x  would  be  the 
serial  homologue  of  the  plate  that  we  have  been  speaking  of  as  the 
right  posterior  superradial,  which  would  really  be  a  modified 
brachial.  The  difficulties  of  this  interpretation  are  obvious,  but 
perhaps  not  insuperable. 

On  both  my  hypotheses,  then,  x  corresponds  more  or  less  to 
a  brachial,  and  is,  as  are  the  other  anals  of  Inadunata,  a  constant 
element,  the  evolution  and  gradual  disappearance  of  which  may  be 
traced.  On  the  Istst  hypothesis  of  Wachsmuth  and  Springer,  x  differs 
from  all  the  other  anals  in  being  a  supplementary  plate,  suddenly 
introduced,  and  almost  as  suddenly  disappearing.  In  the  absence  of 
definite  proof,  each  of  my  readers  must  decide  which  of  the  three 
views  he  will  adopt  as  a  working  hypothesis.  F.  A.  Batuicb. 

{To  be  continued.) 

II. — The  Gkology  op  the  Country  around  Eastbourne.  By 
Clkment  Reid,  F.L.S.,  F.G.S.  Geological  Survey  Memoir. 
8vo ;  pp.  iv,  15.     (London,  1898.     Price  6d.) 

AMONG  the  most  useful  of  the  Geological  Survey  publications 
are  the  explanations  to  accompany  the  various  sheets  of  the 
maps.  In  this  respect  the  Irish  Survey  has  set  the  best  example, 
and  has  issued  a  complete  series  of  Explanatory  Memoirs.  Much 
yet  remains  to  be  done  in  England  and  Wales  and  in  Scotland  to 
bring  the  work  similarly  up  to  date. 

Now  that  the  Survey  in  England  and  Wales  is  issuing  its  sheets 
on  the  new  series  of  the  Ordnance  Survey  Map  the  opportunity  is 
taken  of  publishing  short  Memoirs,  of  which  those  by  Str.  Reid  on 
Bognor  and  Bournemouth  have  lately  been  noticed.  We  are  now 
able  to  call  attention  to  the  issue  of  another  on  the  Geology  of 
Eisthourne,  and  this  deals  with  the  Cretaceous  rocks  from  the 
Weald  Clay  to  the  Upper  Chalk,  with  the  Woolwich  Beds  and 
London  Clay  of  Newhaven  and  Seaford,  and  with  sundry  superficial 
deposits.  Illustrations  of  the  characteristic  fonsils  are  given,  and 
there  are  notes  on  disturbances  and  surface-erosion,  on  water-supply 
and  economics. 

>  **  Brit.  Fobs.  Crin.  II  '*  :    Ann.  Mag.  Nat.  Hist.  (6),  vol.  v  (April,  1890) ;  see 
pp.  3'2'2,  324. 
^  "  The  Perisomic  Plates** :    Proc.  Acad.  Nat.  Sci.  Philadelphia,  toI.  for  1890, 
I'eb.  18yi;  see  pp.  389,  390. 
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Gbolooical  Sooirtt  of  London. 

L-November   23,   1898.— W.  WhiUker,   B.A.,  F.R.S.,  President, 

in  the  Chair. 

Sir  A.  Geikie  drew  attention  to  some  specimens  on  the  table 
which  had  been  collected  by  the  Geological  Survey  from  the  Silurian 
rocks  of  County  Tipperary.  These  contained  impressions  that  bore 
a  close  resemblance  to  flattened  and  drawn-out  graptolites,  and 
others  that  might  be  taken  for  mollusca  or  phyllopoda  enlarged  by 
cleavage.  It  seemed  to  him,  however,  extremely  doubtful  wliether 
these  forms  were  truly  of  organic  origin.  They  were  exhibited  in 
the  hope  that  the  palaeontologists  in  the  Society  might  be  able  to 
throw  some  light  upon  them  from  the  zoological  side. 

Dr.  G.  J.  Hinde  exhibited  and  commented  on  specimens  of 
Devonian  rocks  sent  by  Prof.  Edgeworth  David  and  Mr.  Pittman 
from  the  railway  section  at  Tamwortb,  New  South  Wales,  which 
had  been  received  since  their  paper  was  read.  The  specimens 
included  radiolarian  shales  and  submarine  tuffs  containing  impres- 
sions of  Lepidodendron  ausirale;  similar  shales  with  bands  of  tuff 
r^larly  interstratified  ;  radiolarian  chert  irregularly  broken  up  and 
intermingled  with  tuff;  and  hard  shale  with  numerous  radiolaria 
weathered  out  on  the  surface.  Microscopic  sections  prepared  from 
these  rocks  were  also  exhibited. 

The  following  communications  were  read  :  — 

1.  "Note  on  a  Conglomerate  near  Melraerby  (Cumberland)."  lly 
J.  E.  Marr,  Esq.,  M.A.,  F.H.S.,  F.G.S. 

In  this  paper  the  author  describes  the  occurrence  of  a  con- 
glomeratic deposit  which  shows  indubitable  effects  of  earth-move- 
ment, not  only  on  the  included  pebbles,  but  also  on  the  surface  of 
one  of  the  deposits.  Tlie  rocks  are  coloured  as  basement  Carboni- 
ferous rocks  on  the  Geological  Survey  map.  The  Skiddaw  Slates 
are  succeeded  by  about  30  feet  of  a  roughly  stratified  conglomerate, 
followed  by  20  to  30  feet  of  rock  with  small  pebbles,  and  that  by 
a  second  coarse  conglomerate.  The  pebbles  possess  the  outward 
form  of  glacial  boulders,  but  many  of  them  are  slickensidod, 
fractured,  faulted,  and  indented.  The  striae  are  often  curved, 
jmrallel,  and  covered  by  mineral  deposit;  the  grains  of  the  matrix 
are  embedded  in  the  grooves,  while  slickensiding  often  occurs 
beneath  the  surface  of  the  pebbles  and  the  stria?  are  seen  to  begin  or 
end  at  a  fault-plane.  The  surface  of  rock  beneath  the  upper  con- 
glomerate was  found  to  be  slickensided.  The  way  in  wliich  the 
surfaces  of  some  of  the  pebbles  have  been  squeezed  off  suggests  the 
possibility  that  their  angular  shape  may  be  partially  or  wholly  duo 
to  earth-movement. 

2.  "  Geology  of  the  Great  Central  l^•lilway  (New  Extension  to 
London  of  the  Manchester,  Sheflield,  and  Lincolnshire  Kailway)  : 
Rugby  to  Catesby."     By  Beehy  Thompson,  Esq.,  E.G.S,,  T.C.S. 

Ju  thia  paper  the  portion  of  the  line,  10  miles  iu  lenglV,  Ivom 
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Catesby  to  Bugby  is  described  ;  as  the  ground  falls  while  the  strata 
rise  in  this  direotion,  quite  low  beds  in  the  Lower  Lias  are  met 
with  near  Rugby.  The  lowest  zone  exposed  is  that  of  Ammowiiee 
semicostatus,  in  the  lower  part  of  which,  and  in  Boulder-day  derived 
from  it,  A,  Tumeri  has  been  found.  The  next  succeeding  zone,  that 
of  A.  ohtnsua,  although  for  the  most  part  barren,  yielded  the 
characteristic  fossils  at  its  base.  The  oxynotus-zone  is  well  developed 
and  well  displayed,  besides  being  richly  fossil iferous.  The  zone  of 
A.  raricostatuB  merges  into  that  of  A.  oosynotua  below  and  that  of 
A.  armatua  above,  and  is  not  more  than  three  or  four  feet  thick. 
The  firma/«8-zone,  beds  between  that  and  the  Jameaoni»20ue,  and 
the  Jameaoni'Zone  itself  follow ;  the  middle  beds  of  the  latter  being 
rich  in  Rhynehondla  and  A.  pettua,  the  name  of  this  ammonite  is 
attached  to  the  zone  bearing  them.  The  I6ex-zone  occurs  east  of 
Flecknoe,  covered  by  rocks  yielding  A,  Henleyi;  and  the  highest 
beds  of  this  cutting  appear  to  belong  to  the  capricorntia-zone. 
Lists  of  the  characteristic  fossils  of  each  zone  are  given,  followed 
by  a  complete  list  of  all  those  found  in  the  Lower  and  Middle  Lias 
of  the  cuttings,  with  a  statement  of  their  distribution. 

The  glacial  deposits  are  described  under  the  following  headings : 
Blue  or  local  Boulder-clay,  brown  and  grey  contorted  Boulder-clay, 
Chalky  Lower  Boulder-clay,  (Mid-Glacial)  sands  and  gravels,  and 
red  Upper  Boulder-clay. 

The  paper  is  accompanied  by  a  measured  section  along  the  railway. 

8.  **  On  the  Remains  of  Amia  from  Oligocene  Strata  in  the  Isle  of 
Wij^ht."     By  E.  T.  Newton,  Esq.,  F.R.S.,  F.G.S. 

The  specimens  described  in  this  communication  were  found  by 
Mr.  Clement  Reid  in  the  Berabridge  Marls  of  Hamstead,  and  by 
Mr.  Colenutt  in  the  Bembridge  Beds  and  in  the  Osborne  Series  of 
King's  Quay,  near  Ryde.  After  a  reference  to  species  described  in 
America  and  referred  to  the  genera  Aviia,  Proiamia^  Hypamia,  and 
Papjtirhthya,  the  author  proceeds  to  the  description  of  the  specimens 
in  question,  referring  them  all  to  the  genus  Amta.  The  specimens 
include  the  following  bones  :  vertebrae,  maxillno  with  the  supple- 
mentary bones,  premaxillee,  bones  of  the  skull,  dentary  bones, 
a  i)arai>i)henoid,  a  clavicle,  scales,  and  teeth.  They  are  referred 
to  two  new  species  of  the  genus  Amia,  The  paper  concludes  with 
a  table  of  all  the  species  hitherto  recorded  from  America  and  Europe. 

]  r.— December  7,  1898.— W.  Whitaker,  B.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "The  Geological  Structure  of  the  Southern  Malvems  and 
of  the  adjacent  District  to  the  West."  By  Prof.  T.  T.  Groom, 
]\l.A.,  D.Sc,  F.G.S. 

The  Raggedstone  and  Midsummer  Hills,  consisting  essentially  of 

massive  gneissic   and   schistose   rocks,  are   traversed  by   a  curved 

depression  which  marks  a  line  of  profound  dislocation,  probably  of 

tlip  nature  of  a  thrust-plane.     Tliis  appears  to  dip  towards  the  east, 

tlicngh  with  a  relatively  small  hade.     Along  this  depression  occur 

strips  of  Camhiiau  aud  Silurian  strata  embed^^^i  m  \X\^   Kx^voiau 
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maMif,  and  indicating  the  presenoe  of  a  deep  and  narrow  dislocated 
gyudinal  fold.  In  places,  the  foliation  of  the  schists  shows  a  marked 
relation  to  the  direction  of  this  line,  indicating  in  all  prohahility 
a  prod  action  of  schists  from  the  old  material  in  post-Lower 
Painozoic  times. 

The  western  boundary  of  the  Archasan  massif  is  everywhere 
a  fault,  apparently  a  thrust-plane,  but  with  a  small  hade.  The 
direction  of  this  plane  is  in  close  relation  with  the  axis  of  the 
overfold  into  which  the  Cambrian  rocks  are  thrown  to  the  west  of 
these  hills. 

The  western  boundary  of  Chase  End  Hill  is  likewise  a  fault, 
which  is  probably  a  thrnst- plane  with  a  tolerably  low  dip  towards 
the  eastern  side.  The  thrnst  here  also  appears  to  have  been 
accompanied  by  a  secondary  production  of  schists  from  the  old 
gneissic  series ;  and  the  Cambrian  strata  are  overthrown  in  the 
vicinity  of  the  fault. 

There  is  no  evidence  for  the  overlap  of  the  Cambrian  Series  supposed 
by  Hell,  the  circumstance  that  the  various  zones  of  the  Cambrian 
Series  strike  up  against  the  Archaean  axis  being  due  to  faulting. 

The  Cambrian  is  represented  by  the  following  series  : — 

/  Upper  Grey  Shales. 

'  Middle  I^eous  Biind. 

!Up[>or  Black  JShales. 
Upper  \Vhite-l.-av,.1.0ak  Igneous  Band. 
Lower  IJlack  Miak's. 
Lower  White-leaved-Oak  Igneous  Band. 
2.  IIoLLYHusn  Sandstone. 

I.    llOLLYBUSH    UUARTZITE    AND    rONGLOMEKATE. 

Fossils  are  abundant  in  certain  zones  of  each  of  the  four 
subdivisions  of  the  series. 

The  Grey  Shales  rest  conformably  on  the  Black  Sbalea,  but  tlie 
nintual  relations  of  tl>e  remaining  subdivisions  can  be  decided  only 
hy  inference,  the  junctions  being  apparently  everywln^re  faults. 
The  junction  between  the  Cambrian  and  Arclitean  is  likewise  a  fault. 

All  four  divisions  of  the  Caui])rian  Series  are  invaded  by  small 
ignpou.s  bosses,  laccolites,  and  intercalated  sheets  of  diabase  and 
andesitic  bisalt.  These  igneous  rocks  do  not  penetrate  the  May 
Hill  Series. 

The  May  Hill  Beds  seem  to  rest  with  apparent  conformity  upon 
the  Grey  Shales,  and  do  not  transgress  across  the  various  Cambrian 
zones  on  to  the  Archaean  in  the  manner  hitherto  supposed,  tiie 
presumed  outliers  being  small  patches  faulted  into  the  Cambrian. 

The  structure  of  the  district  is  to  be  explained  on  the  supposition 
t]i.'\t  we  are  dealing  with  the  western  margin  of  an  old  mountain- 
cluiin  overfolded  towards  the  west  ;  the  eastern  portion  of  this 
raiiLce  lies  faulted  down  and  ])nried  beneath  the  Permian  and 
Mesozoic  of  the  Vale  of  Gloucester.  All  the  characttMisties  of 
a  f(dded  chain  are  present,  namely,  the  profoimd  folds,  ov^vioVW, 
thrust-planes,  /wfl  transverse  fnulta ;  and  a  typical  AuaV6uvu\^^^-7AA\vb 
Js  teen  to  the  west. 
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2.  *^  The  Permian  Conglomerates  of  the  Lower  Severn  Basin." 
By  W.  Wickham  King,  Esq.,  F.G.S. 

The  rocks  thus  described  are  the  calcareous  conglomerates  in- 
cluded in  the  Middle  Permian  of  the  Shropshire  type,  and  exposed 
north  of  the  Abberley  and  Lickey  Hills.  Three  calcareous  horizons 
occur,  interstratified  in  sandstones  or  marls  and  surmounted  by 
the  Permian  breccia.  It  was  the  opinion  of  Ramsay  and  others 
that  the  materials  of  the  calcareous  horizons  and  of  the  Permian 
breccia  had  been  brought  from  the  Welsh  border ;  but  Buckland  and 
Jukes,  among  others,  claimed  a  southern  derivation  for  those  of  the 
Permian  breccia,  from  local  hill-ranges  to  the  south.  The  latter 
view  accords  with  the  fact  that  the  pebbles  composing  these 
calcareous  horizons,  and  also  the  broken  fragments  constituting  the 
IVrmian  breccias  north  of  the  Abberley  and  Lickey  Hills,  are  coarser 
in  the  south-easterly  direction,  and  gradually  become  finer  to  the 
north-west. 

The  fragments  embedded  in  the  Middle  Permian  calcareous  bands 
near  the  Lickey  are  chiefly  of  Archaean  rocks,  but  in  all  the  other 
districts  described  there  are  very  few  rock-fragments  older  than 
Woolhope  Limestone.  On  the  other  hand,  pebbles  of  dolomitio 
Wenlock  and  Carboniferous  Limestones  are  abundant,  while 
Aymestry  Limestone,  Old  Red,  Carboniferous,  and  Lower  Permian 
Sandstones  occur  in  greater  or  less  abundance ;  and  all  these  rocks, 
except  the  Carboniferous  Limestone,  may  be  seen  in  sitA  near  at 
hand  to  the  south.  A  summary  of  work  done  in  the  Halesowen 
(^oal- measure  conglomerates  and  in  the  Permian  breccia  north  of  the 
Al»])erley  and  Lickey  Hills  is  given,  to  bring  out  one  of  the  lines  of 
arginneut  adopted. 

(1)  Ridges  near  the  Lickey  were  denuded  down  to  the  Archaean 
rocks  in  Upper  Carboniferous  time ;  therefore,  as  might  have  been 
expected,  both  the  adjacent  Upper  Carboniferous  conglomerate  and 
the  Middle  Permian  calcareous  cornstones  are  compose<l  of  such 
fra*j;ments  of  Archaean  rocks  as  are  to  be  found  in  sitd  there,  or  at 
Nuneaton  ;  and  the  Upper  Carboniferous  conglomerate  is  also  largely 
composed  of  Palaeozoic  rocks  identical  with  those  in  situ  on  the  flanks 
of  the  Ijickey. 

(2)  The  Middle  Permian  calcareous  conglomerates  of  the  other 
districts  described  are  for  the  most  part  made  up  of  fragments  not 
older  than  the  Woolhojie  Limestone,  which  were  presumably  derived 
by  denudation  from  ridges  which  had  become  more  extensive. 

(o)  The  Lickey  ridges  having  been  denuded  to  the  Archaean  rocks 
and  the  more  extended  area  to  the  Woolhope  Limestone,  the  later 
Permian  breccias  are  composed  of  Arclinean  fragments  near  the 
Lickey.  but  of  rocks  not  newer  than  the  Woolhope  Limestone  in  the 
other  districts  north  of  the  Abberley  and  Lickey  Hills. 

The  author  has  for  several  years  called  the  ancient  ridges  from 

which  these  materials  were  derived  the  *  Mercian  Highlands,'  and 

claims  that  the  Palajozoic  and  Archa?an  rocks  composing  the  stumps 

of  these  higWands  lie  almost  entirely  buried  under  the  Trias  of  the 

Midlaiuh  bouth  and  east  of  the  S.E.  Shropshire  and  S.  Staffordshire 

rc^ious. 
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1. — ExiNCNT  Living  Geologists  :  Alfred  Richard  Cecil  Selwyn, 

C.M.G.,  LL.D.,  F.R.S.,  F.G.S.,  etc. 

CNVITH  A  PORTRAIT,   PLATE  II.) 

THE  number  of  eminent  living  geologists  surviving  since  the 
days  of  De  la  Beohe  and  Ramsay  and  the  beginnings  of  the 
(reolojrical  Survey  must  indeed  be  very  few,  but  in  Dr.  A.  R.  C. 
Selwvn,  the  subject  of  this  brief  notice,  we  have  a  living  illustration 
of  one  of  those  active  and  energetic  early  workers  whose  labours 
ha?d  extended  from  Britain  to  Australia  and  Canada,  and  who,  after 
ba]f  a  century  of  active  service  in  the  field,  is  now  enjoying  his 
well-roerited  repose  in  British  Columbia,  *'  the  land  of  the  far  West.*' 
Alfred  R.  C.  Selwyn,  the  son  of  the  Rev.  Townshend  Selwyn, 
Canon  of  Gloucester,  was  born  in  1824,  and  educated  in 
Switzerland,  where  he  early  imbibed  a  passion  for  geology.  In 
the  year  1845,  at  the  age  of  21,  he  was  first  employed  on  the 
(Geological  Survey  of  Great  Britain,  and  received  his  earliest  lessons 
in  the  art  of  geological  surveying  from  A.  0.  Ramsay ;  but  he  soon 
proved  himself  so  proficient  in  the  work  of  field-surveying  that  he 
^HS  speedily  entrusted  with  the  task  of  mapping  a  large  tract  of 
iniricHte  Lower  Silurian  rocks  in  North  Wales,  which  he  carried  out 

• 

in  a  m.ihterly  manner. 

At  that  time  Sir  Henry  De  la  Beche  had  charge  of  the  whole 
organizntion  of  the  Geological  Survey,  with  the  title  of  Director- 
(jtTieral.  The  immediate  supervision  of  the  work  in  England  and 
'Vales  (and  afterwards  in  Scotland)  was  assigned  to  A.  C.  Ramsay, 
^•J  local  Director  for  Great  Britain.  Edward  Forbes  was  appointed 
^alseontologist ;  Sir  W.  W.  Smyth  became  Mining  Geologist;  Sir 
«^^seph  Hooker,  Botanist;  Dr.  Lyon  Playfair,  ChemiHt;  Richard 
l^Mllips  was  in  charge  of  the  Laboratory  and  Museum;  and  Robert 
5unt,  Keeper  of  Mining  Records.  The  staff"  of  Geological  Surveyors 
^"I'ier  Ramsay  comprised  W.  T.  Aveline,  Trevor  E.  James,  D.  H. 
^Villiams,  H.  W.  Bristow,  W.  H.  Baily,  and  A.  R.  C.  Selwyn. 
^'  Gibbs  was  the  Collector  of  Fossils,  and  proved  to  be  one 
^f  the  best  men  in  that  capacity  ever  attached  to  the  staff"  of  the 
Survey.  Mr.  C.  R.  Bone  was  employed  as  Artist  to  draw  fossils 
^^rii)ed  by  the  Palaeontologist ;  and  Mr.  J.  W.  Lowry  was  Engraver 
^Jth  of  the  plates  of  fossils  and  of  most  of  the  early  geolo\|;vcal 
^^tions.     Never  aince  has  the  Survey  been  so  adm\ra\)\y  et\w\\>^^3L. 
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Of  this  excellent  body  of  geological  workers  only  Sir  Joseph 
Hooker,  W.  T.  Aveline,  and  A.  R.  C.  Selwyn  remain  to  us;  the 
others  have  all  gone  over  to  the  majority.  This  is  also  true  of 
OMham,  J.  Phillips,  Murohison,  J.  W.  Salter,  J.  Beete  Jukes,  and 
some  others  who  joined  the  Survey  before  Selwyn's  retirement. 
OF  the  older  members  who  joined  afterwards,  E.  Hull,  H.  H. 
Howell,  G.  H.  Kinahan,  and  Robert  Etheridge  still  survive. 

In  November,  1845,  we  find  Selwyn  located  at  Machynlleth,  and 
accompanying  Ramsay  in  making  some  traverses  into  the  rugged 
country  of  Cader  Idris,  from  which  in  subsequent  years  they  were 
to  work  out  the  complicated  volcanic  geology  of  North  Wales. 

In  May  and  June,  1846,  Selwyn  was  at  work  from  Dolgelly,  and 
Aveline  was  tracing  the  boundaries  of  the  Silurian  series  from 
Llanbrynmair  eastwards  to  Church  Stretton  and  the  Longmynd. 
Kamsay  spent  much  time  with  Selwyn,  and  records  **  glorious  days 
and  glorious  scenery";  "out  with  Selwyn  along  the  front  of  the 
Cader  clifi^s,"  and  **  over  the  top  of  Cader  Idris ;  a  long  day's  work 
and  a  splendid  scramble."     He  also  adds,  "  Selwyn's  work  good." 

In  August,  1847,  we  find  Selwyn  located  at  Ffestiniog,  where  he 
was  joined  by  Ramsay,  Playfair,  Jukes,  and  Gibbs ;  Ramsay 
(having  accidentally  sprained  his  ankle)  was  mounted  on  a  pony 
and  went  over  the  ground  with  his  colleagues,  and  discussed  with 
them  some  of  the  problems  met  with  in  the  course  of  their  mapping. 

In  the  Autumn  of  that  year  Selwyn  was  at  Capel  Curig,  and 
Jukes  at  Yspytty  Evan.  Before  the  end  of  the  year  Jukes  was 
transferred  to  the  South  Staffordshire  Coalfield.  Writing  to  Ramsay 
(Oct.  15,  1847)  Jukes  says:  "It  so  happens  that  the  last  time  I  saw 
Selwyn,  we  were  mutually  wishing  that  you  would  send  us  both 
into  Staffordshire  together."  *  This  proposal  was  not,  however, 
adopted.  After  leaving  North  Wales,  Selwyn  carried  on  the 
Geological  Survey  work  in  parts  of  Shropshire,  as  far  north  as 
the  Liassic  outlier  of  Frees.  To  show  that  a  kindred  spirit  moved 
the  two  young  geologists,  we  find  them  in  1848  communicating 
a  joint  paper  to  the  London  Geological  Society -on  their  North 
Wales  investigations.' 

Whilst  quartered  at  Port  Madoc  and  Dolgelly  in  June,  1848, 
Selwyn  was  once  more  visited  by  Ramsay,  and  together  they  went 
forth  again  to  the  hills  south-west  of  Craig-y-Cae,  ^'mapping  in 
some  faults  and  a  lot  of  strange  dykes  and  spots  of  squirted  traps." 
Ramsay  writes:  **  Selwyn  and  I  separated  and  took  different  ground, 
and  often  met  again  to  compare  and  compile.  A  lovely  day,  and 
the  (cloud)  effects  over  the  valley  of  Dolgellaw  and  the  towering 
range  of  Cader  Idris  most  strange  and  glorious." 

In  October,  when  Selwyn  was  at  Beddgelert,  mapping  the 
Snowdon  area,  we  find  him  visited  by  Ramsay,  who  was  quartered 
at  Llanberis.     Ramsay  writes :  *'  Started  for  the  hills  at  the  top  of 

1  See  Letters,  etc.,  of  J.  B.  Jukes,  1871,  pp.  302,  314,  322,  and  341. 

»  A  R.  C.  Selwyn  &  J.  B.  Jukes,  "  Sketch  of  the  Structure  of  the  Country 
extending  from  Cader  Idris  to  Moel  Siabod,  North  "Wales  '* :  Quart.  Journ.  Gaol.  Soc., 
vol  iv  (1848),  pp,  300-302. 
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the  Pa89,  and  sent  Gibbs  to  search  the  ridge  of  Snowdon ;  Sir  Henry 

De  la  Becbe  and  Forbes  followed  an  hour  later  for  the  top.     While 

at  work  on  the  side  of  Grib-goch  I  heard  Selwyn's  well-known 

shrill   shoat,   and   soon  discovered  him  on  the  top  of  a  crag  on 

Crih-gooh.     So  we  joined  and  compared  notes,  and  soon  put  matters 

straight  at  Glaslyn.     We  then  passed  on  to  the  top,  often  standing 

to  discuss,  and  just  as  we  got  to  the  bottom  of  the  peak  descried  our 

party  coming  down." 

Perhaps  the  most  enjoyable  episodes  of  this  geological  life  in 
Wales,  the  memory  of  which  would  be  long  cherished,  were  the 
occasional  interchange  of  visits  of  members  of  the  staff  with  each 
other,  and  those  paid  them  by  their  energetic  chief,  Sir  Henry 
De  la  Beche,  from  London.  Whilst  Kamsay  and  Forbes  were 
staying  at  Llanberis,  Selwyn,  who  was  located  at  Beddgelert,^  would 
sometimes  walk  across  the  hills  and  spend  the  evening  and  night 
with  Ramsay,  who  in  turn  occasionally  crossed  the  watershed  and 
landed  in  time  for  dinner  at  Beddgelert  Many  pleasant  stories 
were  recorded  in  the  principality  of  the  sayings  and  doings  of  these 
jolly  hammerers  long  years  after  they  themselves  had  left  the  scene 
of  their  labours  for  other,  and  in  Selwyn's  case  distant,  shores. 

In  September,  1849,  Mr.  Selwyn,  having  completed  the  survey  of 
the  ground  lying  between  the  Snowdon  range  on  the  north  and 
Pfestiniog  and  Tremadoc  on  the  south,  turned  his  attention  to 
working  out  the  Lleyn  peninsula  from  Pwlheli.  In  December  of 
the  same  year  he  aj;ain  joined  Ramsay  and  Jukes  at  Aber,  where 
they  appear  to  have  had  a  very  pleasant  meeting, — "joking  and 
making  fun,  all  of  us,  all  night,"  says  Ramsay.  (Life  of 
Ramsay,  p.  158.) 

On  the  30th  April,  1850,  Selwyn,  Jukes,  and  Ramsay  once  more 
met  at  Merchlyn  in  North  Wales.  There  were  still  various  un- 
finished parts  to  complete,  likewise  sundry  lines  regarding  which 
they  had  to  confer  with  their  colleagues. 

Ramsay  records  that  he  was  "  out  on  the  hills  with  Selwyn  [on 
the  4th  May,  1850]  as  far  as  the  cliffs  under  Carnedd  Llewelyn  and 
down  by  Melynllyn  and  Llyndulyn.  Got  some  good  work  done." 
He  adds  :  **  Selwyn  executed  a  most  perilous  feat  of  cliff-climbing; 
a  slip  and  he  would  have  been  slain"  (op.  cit.,  p.  161).  Writing  to 
Salter  on  the  31st  May,  1850,  from  Caernarvon,  Ramsay  says  : 
"Selwyn  and  I  are  here  putting  a  final  touch  to  all  the  difficulties 
and  erst-seeming  contradictions  on  this  side  the  Straits  "  ;  and  on 
the  12th  October  he  was  "helping  Selwyn  to  put  some  finishing 
touches  to  the  mapping  of  the  Cader  Idris  region."  How  many 
jiml  touches  we  wonder  have  been  added  towards  the  elucidation  of 
these  Welsh  geological  difficulties  in  the  subsequent  half-century  I 
Again,  quoting  from  the  life  of  Sir  Andrew  Ramsay :  "  There  still 
remained  a  portion  of  Anglesey  to  be  surveyed  before  the  maps  of 
North  Wales  could  be  regarded  as  complete  and  ready  for  the 
engraver.  De  la  Beche  had  himself  traced  the  lines  across  8om% 
parts   of  that  county,   and   other  portions  had  been  ma^^^^  \i^ 

^  September f  October,  1848. 
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W.  W.  Smyth.  Ramsay  and  Selwyn  (early  in  November,  1860) 
crossed  into  Anglesey  with  the  object  of  filling  in  the  unfinished 
portions  and  completing  the  whole"  (p.  171).  <* During  the  day  he 
and  Selwyn  traversed  the  rocky  northern  coast  of  the  island,  charmed 
with  'the  cliffy  foregrounds,  the  white  breakers,  the  great  misty 
plains  of  Anglesey,  and  the  snow-covered  mountains  rising  beyond 
so  still  and  grandly.'  At  night  they  had  the  shelter  of  little  inns, 
sometimes  of  the  homeliest  kind"  (p.  173),  and  once  they  received 
an  invitation  to  make  the  Rectory  of  Llanfairynghornwy  their  head- 
quarters for  a  day  or  two.  It  was  during  this  investigation  that,  in 
a  letter  to  Ramsay,  November  11th,  1850,  De  la  Beche  intimated  to 
him  that  he  had  recognized  conglomerates  at  the  base  of  the 
Cambrian  series  of  Anglesey,  and  that  most  probably  the  rocks 
underlying  these  were  of  j7r6-Cambrian  age.  Selwyn  clearly  detected 
the  unconformability  of  the  lowest  Cambrian  strata  upon  an  older 
series  of  schists,  but  Ramsay  on  this  occasion  differed  from  De  la 
Beche  and  Selwyn,  and  on  the  maps  published  by  him  no  pre- 
Cambrian  rocks  were  there  shown. 

One  is  struck  by  the  conviction  that  the  labours  of  the  conscientious 
geologist  are  never-ending,  for  we  find  that  in  October,  1851, 
**  There  were  still  points  of  detail  and  some  questions  of  interpre- 
tation of  geological  structure  to  be  settled  in  the  area  in  North  Wales 
mapped  by  Ramsay  and  Selwyn.  Selwyn  accordingly  had  gone 
back  to  Dolgelli  to  look  into  these,  and  there  Ramsay  joined  him.*' 
Ramsay  writes  in  his  diary,  October  17th,  1851:  "Held  a  council 
with  Selwyn  on  the  Shropshire  sheets,  etc.  His  work  there  and 
here  [North  Wales]  is  the  perfection  of  beauty  "  (op.  cit.,  p.  193). 
"  One  of  the  most  striking  in  the  whole  series  of  sections  published 
by  the  Geological  Survey "  (writes  Sir  A.  Geikie)  "  runs  from  the 
top  of  Snowdon  parallel  with  the  Llanberis  valley  to  the  Menai 
Straits  at  LI  an  fair,  whence  it  was  afterwards  continued  across 
Anglesey.  On  the  other  side  it  was  prolonged  south-eastwards 
into  the  country  mapped  by  Selwyn,  and  was  carried  by  him  into 
Merionethshire,  across  Cynicht,  Moel  Wyn,  and  Aran  Mowddwy,  and 
was  continued  by  Aveline  across  Montgomeryshire."  Sir  A.  Geikie 
adds  :  "  The  geological  structure  is  portrayed  by  Ramsay  and  Selwyn 
with  a  boldness  and  vigour,  and  at  the  same  time  with  an  artistic 
feeling,  which  had  hardly  been  equalled  in  geological  section- 
drawing"  (op.  cit.,  p.  165). 

Ramsay  records  that  in  1851  Selwyn  was  present,  18th  January, 
at  the  annual  dinner  of  the  Survey,  known  as  "  the  Royal 
Hannnerers."  "And  oh,  wasn't  it  a  jolly  dinner  1"  No  doubt  he 
had  also  been  present  at  many  earlier  gatherings. 

The  Welsh  work  of  completion  and  revision  took  longer  than  had 
been  anticipated.  At  the  close  of  1852  it  was  not  finished ;  and 
Selwyn  relinquished  the  happy  Survey  days  at  the  end  of  July  in 
that  year.  For,  following  the  blessed  example  set  by  his  former 
colleagues,  Thomas  Oldham,  Edward  Forbes,  and  A.  C.  Ramsay, 
Mr.  Se]wxn  also  became  a  Benedict,  and  took  to  himself  a  wife, 
Matilda  Charlotte,  daughter  of  the  Rev.  Edward  Selwyn,  rector  of 
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Hemiogford  Abbotts,  Hunts;  and  in  the  year  following  he  was 
appointed  by  the  Colonial  Offioe  Director  of  the  Geologioid  Survey 
of  the  newly-formed  Colony  of  Victoria,'  Australia,  whioh  had  just 
then  entered  upon  all  the  excitement  and  interest  of  the  opening  up 
of  its  wonderful  gold  fields.  Here  Selwyn's  past  experiences  in 
unrayelling  the  intricate  Lower  Silurian  rooks  of  North  Wales,  with 
their  associated  Tolcanic  deposits,  served  him  in  good  stead  in 
mapping  the  Silurian  strata  of  Victoria,  with  its  gold-bearing  rooks 

and  auriferous  gravels  of  different  ages,  and  in  tracing  the  relations 

of  the  latter  to  the  Miocene  beds  of  the  Colony,  so  rich  in  their 

varied  Eooene  molluscan  fauna. 
Mr.  Selwyn  was  ably  assisted  by  C.  S.  Wilkinson,   H.  Y.  L. 

Brown,  C.  B.  Brown,  K.  Etheridge,  jun.,  and   other  geologists ; 

and  in  addition  to  an  admirable  series  of  geologically  coloured  maps 

of  the  Colony  and  reports,   he    made    the  following    important 

oommunications : — 

1.  "  On  the  Oeolo^  and  Mineralogr  of  Mount  Alexander  and  the  adjacent  country 

lying  between  the  Hiveni  Lotion  and  Campaspe*' :  Quart.  Joum.  Geol.  Soc, 
Tol.  X  (1864),  pp.  299-303. 

2.  "fieport  on  the  Geological  Relationa  of  some  of  the  Coal-seams  of  Van  Diemen^s 

Land,  their  probable  extent,  and  relative  economic  value** :  Van  Diemen'i 
Land,  Roy.  ttoc.  Papers,  iii,  1856-9,  pp.  116-141. 

3.  ''On  the  Geology  of  the  Goldjfields  of  Victoria'*:    Quart.  Journ.  Geol.  Soc., 

Tol.  xiT  (185»},  pp.  533-638 ;  and  Geologist,  toL  i  (1858),  pp.  163, 164. 

4.  "Notes  on  the  Geology  of  Victoria  '* :  Quart.  Joum.  Geol.  Soc.,  vol.  xvi  (1860), 

pp.  146-160. 

5.  "  Gefilogical  Notes  of  a  Journey  in  South  Australia  from  Cape  Jervis  to  Mount 

Serle** :    Ge<>gr.  Soc.  Proc.,  voL  v  (1861),  pp.  242-244. 

6.  "fieport  on  the  Auriferoutt  Drilts  and  Quartz-reefs  of  Victoria. — Observations  on 

the  probable  Ago  of  the  '  Lower  Gold  Drifts'  **•:   Victoria,  Australia,  Mav  4, 
1866.     Reprinted  in  the  Geol.  Mao.,  Vol.  Ill  (1866),  pp.  457-459. 

The  communication  made  to  the  Geological  Society  by  Mr.  Selwyn 
on  March  10,  1858,  and  the  Heport  un  Auriferous  Drifts,  etc., 
Tictoria,  1866  (Gkol.  Mag.,  Vol.  ill,  p.  457),  are  among  the  most 
iniportant  of  Mr.  Selwyn's  written  contributions  to  the  geology  of 
Victoria. 

He  was  almost  continually  engaged  in  the  field  with  his 
assistants,  or  in  trayelliug  over  the  Colony,  and  was  indefatigable 
in  the  discharge  of  his  duties  as  Director  uf  the  Survey  from  1853 
to  1869,  when  he  retired,  the  Survey  having  been  brought  to  an 
abrupt  close  by  the  Colonial  Legislature  refusing  to  vote  the 
necessary  supplies  to  carry  on  the  work. 

In  1865  Mr.  Selwyn  sent  over  to  the  care  of  the  late  Mr.  H.  M. 
Jenkins,  at  that  time  Assistant  Secretary  of  the  Geological  Society, 
au  excellent  collection  of  Murray  River  Tertiary  shells,  which  have 
since  been  deposited  in  the  Museuui  of  the  Geological  Society, 
Burlington  House.^ 

*  The  whole  area  of  the  Principality  of  Wales  is  7,378  square  miles  :  Victoria  is 
the  smallest  of  the  Australian  colouies  and  it«  area  is  tt7,8fc>4  square  miles  !  What 
a  contrast  tor  Selwyn  after  seven  years  among  the  mountaius  of  Wales  ! 

*  For  a  most  interesting  account  of  the  Tertiary  deposiis  of  Victoria,  hased  upon 
Kr.  Selwyn' 8  reports  and  papers,  see  British  Association,  Section  C  v5^*^^^^Vv3\> 
Norwich,  1868;  and  Geol,  AUa.,  Vol.  V  (1868),  p.  666,  by  K.  M..  3eii\axia,  V\Vj.'^* 
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Mr.  Selwyn's  geological  services  were,  however,  far  too  valuable 
to  be  permitted  to  lie  fallow  for  any  length  of  time,  and  on  the 
retirement  of  his  old  friend  Sir  William  Logan,  that  same  year 
(18G9),  from  the  office  of  Director  of  the  Canadian  Geological  and 
Natural  History  Survey,  Montreal,  Logan  recommended  the  Canadian 
Government  to  appoint  Selwyn  as  his  successor,  a  piece  of  advice 
which  they  at  once  accepted  and  acted  upon. 

Although,  from  the  commencement  of  his  geological  career, 
Selwyn's  life  had  been  one  of  almost  incessant  and  active  labour  in 
the  field  and  in  the  office,  he  could  scarcely  have  found  a  more 
energetic  man  to  follow  after  than  Sir  William  Logan,  or  a  wider 
field  to  travel  over  than  the  Dominion  of  Canada.  This  territory  is 
nearly  as  large  as  Europe,  stretches  from  the  Atlantic  to  the  Paoifio 
Ocean,  and  is  estimated  to  contain  a  total  area  of  3,315,647  square 
miles,  exclMtve  of  the  great  lakes  and  rivers. 

His  staff,  though  small,  included  such  well-known  geologists  as 
Mr.  James  Richardson,  Dr.  Robert  Bell,  Dr.  T.  Sterry  Hunt,  the 
present  Director  (Dr.  G.  M.  Dawson,  C.M.G.),  J.  B.  Tyrrell,  J.  F. 
Whiieaves,  B.  J.  Harrington,  H.  M.  Ami,  A.  H.  Foord,  and  some 
others,  Mr.  E.  Billings  being  the  chief  palsaontologist. 

During  the  25  years,  from  1869  to  1894,  that  Mr.  Selwyn  filled 
the  office  of  Director  of  the  Geological  Survey  of  Canada,  twenty 
large  volumes  of  Annual  Reports,  with  accompanying  maps  and 
sections,  were  issued  from  the  Survey  Offices  in  Montreal  or  later  on 
from  Ottawa.  In  addition  to  these,  five  other  volumes  were  published 
by  Billings,  Macoun,  and  Dawson  on  Invertebrata  and  Plants; 
four  fascicules  by  A.  H.  Foord,  E.  0.  Ulrich,  T.  Rupert  Jones,  and 
Dr.  Riist  on  Micropalasontology  ;  and  four  by  J.  F.  Whiteaves  on 
Palaeozoic  and  Mesozoic  fossils. 

Notwithstanding  the  arduous  administrative  duties  which  Selwyn 
was  called  to  fulfil  in  planning  out  the  work  to  be  carried  on  by  his 
staff,  and  arranging  all  matters  relating  to  the  expenditure  of  his 
grant,  as  well  as  in  editing  the  reports  of  his  assistants  and  writing 
his  own,  he  yet  found  time  to  traverse  and  personally  explore  large 
extents  of  unmapped  territory.  This  was  at  a  time  when  maps  were 
few  and  bad,  when  no  railways  and  but  few  roads  existed,  and  long 
journeys  had  to  be  performed  by  boat  or  in  the  saddle,  and  often  on 
foot,  in  order  to  reach  points  of  vantage  for  geological  and  trigono- 
metrical surveying.  Add  to  all  this  the  necessity  of  having  to  camp 
out  and  carry  supplies  sufficient  for  three  months,  and  one  begins  to 
realize  that  a  geologist's  life  in  a  large  and  mainly  unexplored 
country,  such  as  the  backwoods  of  Canada,  is  not  always  an 
altogether  happy  one. 

In  addition  to  these  arduous  duties,  the  Dominion  Government 
called  upon  Mr.  Selwyn  to  act  as  Assistant  to  the  Canadian 
Commissioners  at  the  Centennial  Exhibition  held  in  Philadelphia 
in  1876,  at  the  Paris  Universal  Exhibition  in  1878,  and  at  the 
Colonial  and  Indian  Exhibition  in  London  in  1886 ;  involving  an 
enormous  amount  of  labour,  and  including  the  preparation  of 
descriptive  catalogues  of  the  economio  minerals  and  notes  on  the 
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strati^rapbical   rocka  exhibited   in   the  Canadian   Court    on    each 
oocasion. 

Of  his  miscellaneoas  writings  there  are  not  many  to  record  at  thia 
time,  but  the  following  may  be  noted  : — 

7.  **0n  the  DiscoTory  of  Keptilian  Footprints  in  Nova  Scotia":    Geol.  Mao., 

Vol.  IX  (1872),  pp.  250.  251. 

8.  "Xotea  on  a  Jonrney  through  the  North-West  Territory,  from  Manitoba  to 

Rocky  Mountain  House"  (1874) :  Canadian  Naturalist,  vol.  vii  (1875). 

9.  "The  Stratigraphy  of  the  Quebec  Group  and  the  older  Crystalline  Eocks  of 

Canada"  (1879):  Canadian  Naturalist,  vol.  ii  (1881),  pp.  17-31. 

In  1871  Mr.  Selwyn  was  elected  a  Fellow   of  the   Geological 
Society  of  London,  and  in  1874  a  Fellow  of  the  Royal  Society. 

In  1876  he  was  awarded  the  '*  Murchison  Medal  "  by  the  Council 
of  the    Geological    Society    of    London — '*  in   recognition   of   his 

services  to  Silurian  geology As   one   of  the   oflBcers 

of  the  Geological  Survey  of  this  country,  engaged  in  unravelling  the 

intricate  Lower  Silurian  rocks  of  North  Wales  with  their  associated 

▼olcanic  deposits ;  as  afterwards  in  charge  of  the  Geological  Survey 

of  Victoria,  mapping  its  Silurian  strata,  its  gold-bearing  rocks  and 

auriferous  gravels  of  different  ages,  and  tracing  the  relations  of  the 

latter  to  the  Miocene  beds  of  the  colony  and  to  the  older  rocks ;  as 

Bobsequently  the  successor  of  Sir  William  Logan  in  the  direction 

of  the  Geological  Survey  in  our  North  American  territories  from  the 

Atlantic  to   the   Pacific   Ocean,  the   labours    of   Mr.  Selwyn   have 

extended  over  an  enormous  field.     How  successfully  he  has  worked 

in  it,  the  numerous  and  excellent  maps  and  sections  executed  under 

bis  superintendence,  and  his  various  reports  and  papers,  fully  testify. 

"There  is  something  peculiarly  appropriate  in  the  Medal  founded 

bj  Sir  Roderick  Murchison  being  given  to  one  whose  labours,  like 

bis  own,  have  lain  so  much  among  Silurian  and  Palaeozoic  rocks, 

among  goldfields,  and  in  the  direction  of  geological  surveys.     While 

It  marks    [said   the  President]   our  appreciation  of  Mr.  Selwyn's 

services  to  Geology,  it  will,  I  trust,  not  be  less  welcome  to  him  as 

a  proof  that,  though  absent,  he  is  not  forgotten  at  home."  * 

In  the  course  of  his  fifty  years*  work  as  a  geologist,  Mr.  Selwyn 

been   spontaneously  elected  to   more    than    fourteen   scientific 

societies    in    various    parts    of    the    world,    including    the    K.-k. 

Geologischen  Reichsanstalt  Wien.     He  was  created  C.M.G.  in  1886. 

It  would  be  impossible  in  such  a  notice  as  this  to  do  full  justice 

to  so  eminent  and  illustrious  a  geologist,  but  we  trust  that  what  has 

bere  been  so  imperfectly  written  may  serve  to  "  keep  his  memory 

green"  in  the  recollection  of  some  of  those  friends  who,  like  the 

Writer,  can  recall   Mr.  Selwyn,  not  only  by  means  of  his  written 

Memoirs,  but  by  a  personal  knowledge  of  the  man  and  his  worth.* 

H.  W. 

^  See  President's  speech,  Feh.  18,  1876  :  Quart.  Journ.  Geol.  Soc.  Lond.  (Pro- 
ceedings), vol.  xxxii,  p.  49. 

^  The  writer  is  much  indebted  to  Sir  A.  Geikie's  "  Life  of  Ramsay"  ;  to  his  friend 
J.  F.  Whiteaves,  F.G.S.,  for  varioas  references  ;  and  t«  G.  Priu;;le  IIui^h(»s,  Escj., 
J.P.,  Middleton  Hall,  Wooler,  Northumberland,  for  the  photograph  here  le^twivivi'id, 
and  tor  valuable  inSormation,  a  part  of  which  is  embodied  in  this  notice. 
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II. — Pbof£ssob  Hull  **  On  the  Subhbbobd  Platfobm  of  Westebh 

EUBOPE." 

By  the  Rey.  Osmond  Fishbr,  M.A.,  F.G.S. 

TO  appreciate  more  fally  Professor  Hull's  interesting  paper  **  On 
the  Submerged  Terraces  and  Kiver  Valleys  bordering  the 
British  Isles/'  it  is  necessary  to  i-efer  to  the  Transactions  of  the 
Victoria  Institute,^  in  which  the  paper  is  illustrated  by  a  map 
showing  the  contour-lines  and  soundings.  The  author  thinks  that 
the  steep  descent  from  the  surface  of  the  100-ft(thom  plateau  to  the 
abyssal  floor  of  the  Atlantic  is  analogous  to  an  escarpment,  instancing 
the  Cotteswold  Hills  and  other  examples,  and  argues  from  this  that 
the  steep  descent  in  question  has  been  due  to  the  forces  of  subaerial 
denudation,  and  has  had  a  terrestrial  origin.  But  in  his  **  general 
conclusion "  he  mentions  marine  as  well  as  atmospheric  erosion. 
This  seems  to  show  that  he  does  not  exclude  the  supposition  of  the 
descent  being  possibly  an  ancient  sea  cliff,  to  which  one  would  think 
it  more  analogous  than  to  an  escarpment,  for,  as  Mr.  Jukes- Browne 
observes,  the  latter  terra  implies  the  termination  of  a  series  of  beds 
of  one  geological  age,  which  it  cannot  be  supposed  occurs  here. 

I  notice  that  in  this  discussion  there  has  been  no  reference  made  to 
a  masterly  paper  by  the  late  Mr.  R.  A.  C.  God  win- Austen — "  On  the 
Valleys  of  the  English  Channel." '  He  tells  us  that  he  <'  had 
frequent  opportunities  of  cruising  about  this  Channel,  and  had  been 
enabled  at  one  time  or  another  to  visit  nearly  every  portion  of  its 
shores  on  either  side,  and  to  examine  its  bed  with  the  dredge  and 
sounding-lead."  The  map  which  illustrates  his  paper  consequently 
gives  several  interesting  points  of  detail,  which  do  not  appear  in  the 
Admiralty  chart  of  the  English  Channel.  He  says  that  <*  along 
the  opening  of  the  Channel  there  is  an  obvious  configuration  of  hill 
and  valley,  and  an  amount  of  inequality  equal  to  that  of  the  most 
mountainous  parts  of  Wales."  Kegarding  the  junction  of  the 
channel  with  the  Atlantic  we  read — "Beyond  the  200-fathom  line 
the  outline  is  irregular,  and  sinks  rapidly  to  very  great  depths. 
This  remarkable  fact  occurs  not  only  at  one  particular  spot,  but  is 
continued  northwards,  and  in  the  contrary  direction  has  been  traced 
by  Captain  Vanhello  from  Cape  Finisterre  to  the  parallel  of  the 
Lizard."  He  states  that  the  ridge  of  the  Little  Sole  Bank  is 
placed  on  the  east  edge  of  the  200-fathom  line.  **  Of  the  true 
nature  of  such  a  sudden  line  of  depression  we  can  at  present  only 
form  conjectures.  It  may  represent  lines  of  old  escarpments,  or, 
should  lines  of  sea  cliffs  have  gone  down  rapidly  into  deep  water 
where  no  mechanical  action  could  modify  them,  such  features  would 
be  preserved.  Lines  of  faults  and  upheaval  would  also  prevent  such 
unequal  soundings  ;  but  the  outline  is  too  irregular  to  represent  the 
terniiuation  of  the  sedimentary  mass  of  the  present  seas ;  besides 
which  we  have  constant  indications  of  a  surface  of  bare  rock." 

1  Vol.  XXX  (1898). 

'  Quart.  Joum.  Geol.  Soc.,  vol.  vi  (1849),  p.  69, 
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It  is  clear  that  Gk>d win- Austen's  conclusions  are  quite  compatible 

with  the  existence  of  the  river- valleys,  which  Professor  Hull  thinks 

that  he  has  traced,  and  he  appears  to  consider  that  the  landscape  of  the 

Channel,  if  it  were  laid  bare,  would  be  very  diversified.  He  also  appears 

to  regard  this  landscape  as  the  outcome  of  long-continued  agencies, 

both  marine  and  terrestrial,  while,  if  I  understand  him  rightly,  he 

attributes  the  original  formation  of  the  Channel  valley  to  plication 

dating  from  Eocene  times.     As  regards  the  remark  that  of  the  true 

nature  of  the  sudden  line  of  depression  from  the  continental  plateau 

to  the  ocean  floor  we  can  only  form  conjectures,  will  it  not  help  us 

in  our  conjectures  to  notice  the  very  remarkable  parallelism  between 

the  outlines  of  the  western  coast  of  the  Old  World  and  the  eastern 

of  the  New  ?     Surely  there  must  be  a  cause  for  this  peculiar  feature 

in  some  way  connected   with  the  formation   of  the   basin  of  the 

Atlantia      It  seems  as  if  a  single  original  continent  had  been  split 

into  two  masses,   which   had   subsequently   separated.      This    idea 

appears  to  have  occurred  to  M.  A.  Snider,  but  I  have  been  unable 

to  get  a  sight  of  his  work.^     Two  of  his  diagrams  are  copied  into 

"Pepper's  Play  book  of  Metals." 

If  there  is  any  foundation  for  such  a  supposition,  the  edges  of 
the  continental  plateaux  on  the  opposite  sides  of  the  Atlantic  ought 
to  be  the  two  sides  of  the  rent,  and  ought  to  fit  one  another  still 
more  accurately  than  the  coastal  profiles  do,  because  in  the  lapse  of 
ages  these  would  have  become  much  modified.  Would  it  not 
be  worth  while  for  those  who  have  been  studying  the  two  plateaux 
to  notice  whether  this  is  the  case  ? 

1  have  oflfered  a  speculation  on  the  cauf^e  of  this  great  rent  in 
iVd^ure^and  subsequently  in  my  "Physics  of  the  Earth's  Crust,"  ^ 
and  it  is  not  needful  to  recapitulate  it  here. 

III.— Pbeliminary   Note    on    Prolimvlus    Woodwardi,    Frit»ch, 
FBOM  THE  Permian  Gaskohle  at  Nyiian,  Bouemia. 

By  Dr.  Ant.  Fritsch, 
Director  of  the  Royal  Bohemian  Museum  in  Prague. 

SOME  years  ago  I  received  a  fossil  preserved  in  pyrites  from  the 
Gaskohle  at  Nyfan.  No  details  could  be  seen  under  the  micro- 
scope, and  I  was  not  sure  if  it  were  a  Limulns  or  a  seed.  At  an 
exhibition  by  Architects  held  last  year  at  Prague  I  saw  a  specimen 
of  a  similar  fossil  with  two  of  its  appendages  preserved,  and  I  was 
fortunate  enough  to  acquire  the  same  for  our  Museum.  I  then  re- 
examined all  my  material  previously  collected,  and  found  appendages 
in  other  specimens  also.  Several  plates  with  drawings  of  these 
objects  will  appear  in  the  second  part  of  the  fourth  volume  of  my 
Work,  "Fauna  der  Gaskohle,"  but  as  this  work  will  require  more 
than  a  year  before  it  can  be  published,  I  hasten  to  give  a  preliminary 
*Wch  of  this  Permian  Xiphosure,  which  1  dedicate  to  my  friend 
Pr.  Henry  Woodward,  one  of  the  chief  authorities  on  fossil  Crustacea 
10  England. 

*  "La  Creation  et  se^  Myst^^res  devoiles."  2  yol.  xxv  {y^'^l\,  tj).  I^^i. 

*  Second  edition  (lii89),  chap,  jcxr. 
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The  body  oouBists  of  two  rouixled  shields,  with  thickened  Tnsr)^ns 
roeasuring  13  mm.,  the  t«leon  is  14  mm.  ■□  leogtb,  the  whole  length 
of  tlio  speoimen  being  27  mm. 


Diagrammatic  sketch  of  Proliniutm  Wooiaardi,  Frit«ch,  enlarged  four  Ume». 
The  dorsal  eurfaoe  is  generally  covered  with  some  calcareona 
coiled  discoidal  tubes  of  Spiroglyphut  vorax,  Fr.  On  the  ventral 
part  of  the  oephalothorax  (if  made  wet  with  gum-arabio)  five  pairs 
of  extremities  can  be  detected,  the  first  being  very  strongly  curved 
inwards,  the  fifth  long  and  slender,  being  aupported  by  a  sternal 

Ou  the  ventral  surfaoe  of  the  abdomen  we  can  see  rounded  plates, 
probably  the  modified  abdominal  appendages  covering  the  respiratory 
oi'ganB,  or  brancbise.  The  telson  is  inserted  in  an  invagination  of  the 
hinder  margin  of  the  abdomen. 

I  hope  that  the  galvanoplastic  casts  which  I  have  had  prepared  of 

some  of  the  developed  natural  impreatiiona  wili  help  ns  to  recoguize 

more  of  the  details  of  the  structure  of  this  Permo- Carboniferous 

king-crab.     J'roiimulni  very  closely  resembles  one  of  the  embryonic 

oLigoB  of  tbe  living  Morth  Ametioan  Limulus  |iolt|pWmw. 
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The    earliest    known    Limuloid    Crustacean,   named   Neolimulus 

faleatusy  figured  and  described  by  Dr.  H.  Woodward  in  1868  (see 

GiOL.  Mao.,  Vol.  V,  p.  1,  PL  I,  Figs.  1,  la),  is  from  the  Upper 

Silurian  of  Lesmahagow,  Lanarkshire,  Scotland.     Mr.  W.  H.  Baily 

described  BelUnunu  Kiliorkemis,  Baily  (1869),  from  the  Upper  Old 

Bed  Sandstone,    Eiltorcan,   Ireland.      The  genus   Bellinurua   was 

established  by  Mr.  C.  Eonig,  in  1820,  for  certain  small  king-crabs 

from  the  Coal-measures  of  Coalbrookdale,   Shropshire,  under   the 

specific  name  of  B.  bellulus.     To  this  have  been  added  B.  areuatus 

and  B,  regina,  Baily  (1863),  Coal-measures,  Queen's  County,  Ireland  ; 

B.  KcetUgianua,  H.  Woodw.  (1872),  Coal-measures,  Dudley  ;  B,  Dnna, 

Meek  &  Worthen,  Coal-measures,  Illinois,  U.  S.  America ;  Freattoichia  ^ 

[Umulus)  anthrax,  Prestwich,  sp.  (1840),  and  P,  rotundata,  Prestwich, 

Bp.,  Coal-measures,   Coalbrookdale,  Shropshire  ;    and   P.  Birtwelli, 

H.  Woodw.  (1872),  Coal-measures,  Padiham,  Lancashire. 

King-crabs  have  been  described  from  the  Muschelkalk,'  the 
Jnrassic,  the  Cretaceous  rocks,  the  Tertiaries,  and  are  now  living 
in  the  seas  of  Eastern  North  America  and  of  Japan.  Our  present 
Permo- Carboniferous  example  connects  the  Upper  Coal-measures 
with  the  Secondary  rocks,  and  completes  the  chain  of  life  of  this 
remarkably  persistent  type  of  the  Xiphosura  from  the  Upper  Silurian 
to  the  present  day. 

rV'.— Om  a  Section  in  thb  Wbstleton  Beds  at  Ayot  Bbiokfield. 

By  UoRACE  W.  MoNCKTox,  F.L.S.,  F.G.S. 

ON  May  14th,  1898,  a  party  of  the  Geologists'  Association  visited 
Ayot  under  the  direction  of  Messrs.  John  flopkinson,  F.G.S., 
and  A.  E.  Salter,  B.Sc,  F.G.S.  An  account  of  the  excursion  will 
be  found  in  the  Proceedings  of  the  Association,  vol.  xv,  p.  308,  and 
I  think  the  following  additional  note  of  one  of  the  sections  visited 
^ill  be  of  interest. 

The  section  was  at  the  eastern  side  of  the  brickfield  close  to  Ayot 
station,  and  the  general  relation  of  the  beds  seen  is  shown  in  the 
accompanying  Figure. 

Prestwich,  in  his  paper  on  the  '*  Relation  of  the  Westleton  Beds," 
etc.,  published  in  1890,^  remarks  :  **  Notwithstanding  the  extreme 
^euudation  which  the  high  chalk  plain  extending  from  Hertfordshire 
into  Bedfordshire,  Buckinghamshire,  and  Oxfordshire  has  undergone, 
a  few  small  outliers  of  Lower  Tertiary  strata  still  remain,  rising 
above  the  general  level  of  the  chalk  plateau  with  its  scanty  Glacinl 
drifts  and  its  *  Red  Clay  with  flints.'  These  little  isolated  hills  are 
"equently  capped  by  a  gravel-  or  shingle-bed,  which  1  believe  to  be 
of  Westleton  age."  He  then  gives  several  localities,  and  amongst 
them  Ayot,  406  feet  CD. 

*  Originally  described  by  Prestwich  in  his  **  Greolo^  of  Coalbrookdale**   as 
limulm*  anthrax.      The   genus   Prestwichia  was  established   by   Woodward   in 
1^67:  see  Quart.  Joum.  Geol.  Soc,  vol.  xxiii,  p.  32. 

^  limulus  prUcuSf    Miinster,    Muschelkalk-Uolomit,    Laineck,    near   Buyreuth : 
K.  A.  Zittefs  "  Uandbuch  der  PalapoutoJo^ne/*  ii,  p.  645  (I8«l). 

'  Quart.  JoDTQ.  OeoL  8oc.,  vol.  xlvi,  p.  138. 
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Thug  I  tftke  it  that  Prestwioh  would  have  oUssed  the  gravel- 
bed  2  ia  the  above  teotioD  as  Westleton  Bed>,  and  its  oorapositioo 
anil  appearance  favour  the  view  that  it  does  belong  to  the  graveli 
which  I'reetwich  asaigns  to  that  aeries  in  this  part  of  England. 

Koith.  Soath. 


Duobai[-Sbct:on   ih   ibb  Atot   Bbicktield. 
hejel  of  Burface  nearly  100  feet  O.D. 
I.  BooIder-clBjr,  about  Ij  feet  Bhowii,  containing  pebbl«s  of  chalk,  «t«. 
II.  Stnililied  gntiel  and  und  (Weacletonj . 
III.  LondoD  ClaT- 

IV.  Ixiam;  UDa — Baseirent  Bed,  LondoD  Clay. 
N.B. — Tlie  junctiuD  of  beds  2  and  3  waa  hidden  bj  talni.    The  taction  ia  drawn 
from  a  rough  sketch  and  was  about  30  feet  in  depth. 

A  short  ejcaminalion  abowed  that  it  ia  oomposed  mainly  of  flint 
pelibleB,  derived  no  doubt  for  the  moat  part  from  the  wreck  of 
^'ertiary  pebble-beds ;  subaogular  flints  are  fairly  common,  as  also 
are  quartz  pebbles.  I  noticed  several  pebbles  of  whitish  qaartzita, 
one  of  whioh  measured  5  inches  in  longest  diameter.  I'he  gravel 
waa  clearly  stratified. 

Assuming,  therefore,  that  we  have  here  the  Westleton  Beds  of 
Prestwich,  the  point  to  which  I  wish  to  draw  attention  is  tlie  manner 
in  wliicli  the  soction  illuslrates  their  relation  to  the  Chalky 
ISouliler-clay.  This  sufficiently  appears  from  the  above  sketch. 
1'lie  Boulder-clay  reels  against  the  Westleton  Bed  iu  the  norlh  of  th« 
pit,  but  has  out  through  it  on  the  south,  and  lies  directly  oo 
London  Clay.  A  very  similar  section  ou  tlie  railway  between 
Chappie  and  Mark's  Tey  is  given  by  Prestwich,  fig.  7,  at  p.  132 
of  ibe  paper  mentioned  above. 

V, — KoTK  ON  A  Table  of  Coktkmpobaby  Geological  Deposits 
AHitANOED  Stbatigbapuioally,  wiTU  TRKiK  Chakactekistio 
Uknbba  of  Maiuhalia. 
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By  Dr.  U.  I.  Forsyth -Majob,  Corr.  Memb.  Zool.  Sac.  Lond. 

'HE  subjoined  list  of  characteristic  genera  of  Mammalia  has  been 

compiled,  at  the  request  of  my  friend  Dr.  Henry  Woodward, 

the  purpose  of  being  used  as  a  descriptive  Table  to  be  fixed  on 

the  wall  of  the  Mammalian  Gallery  in  Ibe  Geological  Department  of 

the  British  Museum  (Natural  History),  and  has  been  arranged  in  the 

form  which  was  thought  to  be  most  suitable  for  the  purpose. 

/  have  only  &  fow  remarks  to  offor  with  regard  to  some  points  in 
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wbicb  I  have  given  expression  to  views  not  in  acconlanoe  with 

those  generally  accepted. 
In  assigning  the   deposits  of  Pikermi,  Mont  Leberon,   Samos, 

Maragha,  etc,  to  the  Upper   Miocene  rather  than  to  the   Lower 

Pliocene,  as  advocated  by  the  majority  of  palseontologists,  I  am  not 
aware  that  the  considerations  which  formerly  led  me  to  hold  this 
Tiew  have  since  been  invalidated.  At  the  locality  Raphina,  near 
the  sea-shore,  about  fonr  miles  from  Pikermi,  Th.  Fuchs  came  upon 
layers  intercalated  with  the  deepest  strata  of  the  Pikermi  formation 
and  containing  the  following  shells :  Oairaa  edulia,  Spondylua 
gaderopus,  Cerithium,  Balanus,  all  of  which  still  live  in  the 
adjoiDing  sea,  and  present  a  very  recent  aspect  (''das  aussere 
Ansehen  dieser  Fossilien  ist  ausserst  jugendlich,  wie  quaternar  "). 
Fuchs  considers  them  to  be  contemporaneous  with  the  Pikermi 
formation  ;  as  it  was  impossible,  however,  to  collocate  the  latter  with 
the  Pleistocene,  he  resorted  to  a  sort  of  coraproxnise  by  assigning 
both  to  a  very  recent  Pliocene.  None  of  the  palaaontologists  who 
have  studied  the  fauna  of  Pikermi,  Maragha,  Mont  Leberon,  Samos, 
eta,  could  arrive  at  a  similar  conclusion ;  but  in  order  to  reconcile 
tlie  two  seemingly  conflicting  occurrences,  a  further  compromise 
was  resorted  to,  and  Pikermi,  etc.,  became  *  Lower  Pliocene.' 
The  shells  being,  however,  undoubtedly  Pleistocene,  the  only 
possible  explanation  is  the  one  given  by  De  Stefani,  viz.,  that 
their  intercalation  with  the  Pikermi  formation  is  the  result  of 
B  secondary  remaritement  of  this  latter  by  the  sea.  I  think  that 
better  arguments  than  those  deduced  from  the  presence  of  the 
Raphina  shells  ought  to  be  brought  forward,  if  the  Pikermi  and 
allied  formations  are  to  be  maintained  in  the  Lower  Pliocene. 

With  regard  to  the  classification  of  the  Jurassic  Mammalia  ns 
'?Monotremata/ I  have  to  offer  the  following  explanation: — Part 
of  them,  the  Multituberculata  (AUotheria),  are  considered  by  some 
authors  to  have  affinities  with  the  Monotremata,  and  are  consequently 
placed  in  the  same  subclass,  *  Prototheria,'  with  the  latter,  whilht 
others  prefer  to  assign  them  to  a  distinct  suborder,  collocated 
between  the  Monotremata  and  Marsupialia.  The  majority  of 
Mesozoic  remains,  those  provided  with  numerous  teeth,  are  by 
almost  common  consent  united  with  the  Polyprotodont  Marsupialia. 
^Vith  regard  to  the  latter  point,  it  has  been  observed  by  Winge  that 
the  simple  forms  of  the  teeth  and  their  large  number  in  Mijrmecohiusy 
several  Edentates  and  Cetacea,  are  not  a  primitive  character,  but  the 
conseiiuences  of  a  sort  of  degeneration ;  and  further,  that  the  shape 
of  the  posterior  part  of  the  mandible  in  the  Triconodontidas  is  quite 
different  from  that  in  Marsupialia.  Besides,  there  is  some  ground 
for  the  assumption  that  the  Marsupialia  are  merely  an  outcome  of  the 
I^lacentalia. 

Therefore,  with  regard  to  the  Jurassic  'Mammals' generally,  since 
their  mammalian  nature  has  not  yet  been  raised  beyond  every  doubt, 
^t  seemed  more  prudent  to  include  them  all  under  the  head  of  the 
^^bclass  or  order  which  presents  more  aflSnities  with  the  E.e\)Ulvai 
tbau  do  the  'iAarBUpialia  or  FJaceDtaUa, 
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I. — The  Action  of  Waves  and  Tides  on  the  Movement  of 
Material  on  the  Sea-ooast.  By  W.  H.  Wueelee,  M.lnstC.Ev 
Boston,  Linoolnshire.^ 

rilHE  object  of  this  paper  is  to  show  the  relative  effect  of  waves 
X  due  to  wind  and  tidal  action  on  littoral  drift.  It  is  pointed  out 
that  all  cliffs  that  border  the  sea-coast  are  doomed  to  erosion,  and 
the  material  derived  from  their  destruction,  after  being  sorted  and 
prepared  by  waves  and  tidal  action,  is  conveyed  to  the  depths  of  the 
sea.  The  function  of  wind  waves  is  to  break  down  the  cliffs,  to  sort 
the  material  displaced,  and  to  reduce  the  larger  rock  fragments  into 
Rizes  sufficiently  small  to  be  acted  on  by  the  tides,  and  to  disperse 
material  that  has  been  collected  in  large  masses  by  tidal  action. 
'i'iie  function  of  the  tides  consists  in  raising  the  water  of  the  ocean 
sufficiently  high  to  enable  the  waves  to  attack  the  cliffs,  in  assisting 
in  the  griuding  up  of  the  reduced  rock  fragments  by  their  perpetual 
oscillating  motion  until  sufficiently  reduced  in  size,  and  then  in 
transporting  them  to  the  bed  of  the  sea,  the  latter  operation  being 
effected  either  in  solution,  suspension,  or  rolling  along  the  bottom. 

It  is  shown  that  all  material  eroded  from  the  clifb  is  ultimately 
carried  seaward,  and  that  the  sea  yields  nothing  to  the  land,  llie 
only  agents  capable  of  transporting  material  of  grater  specific 
gravity  than  the  water  are  the  waves,  and  their  action,  until  they 
break  on  the  shore,  is  merely  one  of  undulation ;  and  therefore  it  is 
only  the  stones,  shiqgle,  or  sand  which  lie  shore  wards  of  the  point 
where  the  wave  breaks  that  can  be  carried  forward  on  to  the  beaoh. 
On  the  other  hand,  the  slope  of  the  beach  being  seawards,  all 
material  has  a  natural  tendency  to  work  downwards  under  the 
action  of  gravity,  this  downward  action  being  aided  by  the  undertow 
of  the  retiring  shore  waves. 

Material  eroded  from  the  cliffs  consists  of  rock  fragments,  boulders, 
sand,  and  alluvium.  The  alluvium,  consisting  of  particles  of 
sufficient  minuteness  to  remain  in  suspension  for  a  considerable  time, 
is  diffused  by  the  waves  over  a  very  considerable  distance,  and  is 
iinally  deposited  in  the  deep  part  of  the  ocean ;  the  sand  is  gradually 
worked  down  the  beach  by  the  action  of  the  waves  and  tides,  and  is 
also  spread  over  the  sea  bed,  but  nearer  to  the  shore ;  the  rook 
fragments  are  reduced  to  shingle  small  enough  to  be  acted  on  by  the 
tides,  and  in  this  condition  are  rolled  up  and  down  the  beach  and 
drifted  along  the  coast  until  ground  into  particles  sufficiently  fine  to 
be  transported  to  the  sea.  Shingle  is  generally  accumulated  in  banks 
in  the  zone  lying  between  low- water  of  neap  tides  and  high- water  of 
spring  tides,  and  travels  along  the  coast  in  one  given  direction. 
The  heaping  up  and  travel  of  the  shingle  is  due  to  tidal  action. 
The  effect  of  wind  waves  due  to  gales  is  principally  destructive  to 
shingle  banks,  cutting  out  and  dispersing  the  material,  the  banks 
being  restored  by  tidal  action  in  calm  weather  and  during  offshore 
winds.  The  action  of  waves  due  to  wind  is  intermittent,  variable 
in  direction,  and  irregular.     The  travel  of  shingle,  except  when  acted 

^  Head  before  Sect.  C  (Geology),  British  Aasociation,  Bristol  Meeting,  Sept.  1898. 
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^  ^y  gt^Mf  is  ocmtinnoiu,  regular,  and  constant  in  direction.     It  is 

shown  by  a  number  of  examples  that  tbe  travel  of  shingle  is  not 

ooinoident  either  with  the  prevailing  or  predominant  winds,  but  on 

a  tidal  coast  the  predominant  drift  is  invariably  in  the  same  direction 

aa  that  of  the  flood  tide.      The  action  of  the  tides  in  heaping  up 

tad  drifting  material  is  due  to  wave  action.     The  rise  and  fall  of  the 

tide  on  the  coast  does  not  consist  of  a  mere  vertical  rise  and  fall  of 

the  water,  but  of  a  continual  oscillation.     The  crest  of  the  tidal 

wave  in  the  open  sea,  being  in  advance  of  that  near  the  shore, 

lesults  in  an  oblique  lateral  movement  along  the  beach,  and  the 

advance  of  the  water  being  checked  by  the  shallow  bed  with  which 

it  comes  in  contact,  is  reflected  back,  resulting  in  a  series  of  small 

OBcillations  or  waves  which  break  when  they  reach  the  low- water 

line.     These  oscillations  are  ever  present  on  the  margin  of  the 

shore,  even  when  the  sea  is  calmest,  and  are  never  absent  except 

when  absorbed  by  larger  waves  due  to  gales.     These  tidal  wavelets 

▼ary  in  height  from  6  inches  to  2  feet,  and  break  on  the  shore  at  the 

nte  of  from  ten  to  twenty  a  minute  according  to  the  rise  of  the  tide 

tad  the  slope  of  the  beach.     These  wavelets,  aided  by  the  flood 

corient,  lift  up  and  carry  forward  any  coarse  sand,  loose  stones,  or 

other  material  with  which  they  come  in  contact,  and  leave  some 

portion  of  it  stranded  at  the  highest  point  to  which  the  tide  of  tlie  day 

reaches.      Tbe  wavelets,  besides  lifting  and  transporting  tlie  shingle, 

brash  upward  the  whole  of  the  face  of  the  bank,  and   gradually 

raise  it  above  the  line  of  high-water.      It  is  shown  that,  though 

these  waves  are  small,  they  by  their  weight  and  velocity  develop 

sufficient  force  to  move  a  large  quantity  of  pebbles.     A  wave  having 

a  height  of  only  a  foot  from  trough  to  crest,  giving  a  head  of 

6  inches,  and  containing  a  volume  of  water  equal  to  a  weight  of 

'142  ton  has  sufficient  kinetic  energy  to  raise  IGo  lbs.  of  pebbles 

a  foot  high.     Allowing  the  weight  of  pebbles  in  water  to  be  100  lbs. 

to  the  cubic  foot,  each  wave,  if  the  whole  of  its  energy  be  applied  to 

the  movement  of  the  material,  is  capable  of  raising  GGO  pebbles 

2  inches  in  diameter  a  foot ;   or,  with  fifteen  waves  to  the  minute, 

9,900  pebbles  a  minute  and  2,376,000  in  a  single  tide,  or  a  total 

weight  of  stone  of  266*4  tons  a  foot  high.     This,  however,  is  beyond 

the  work  actually  done,  as  a  portion  of  the  energy  of  the  wave  is 

absorbed  in  friction.     The  above  rough  approximation  of  the  power 

of  the  wavelets  is  sufficient  to  show  the  enormous  power  that  is 

developed  by  tidal  action  day  by  day  on  the  coast,  and  the  capahility 

of  the  wavelets  due  to  the  tides  for  building  up  shingle  banks  and 

drifting  the  pebbles  along  the  beach. 

II. — Lkadhillitb  in  Amoient  Lead  Slaqs  from  the  Mbndip 
HiLLS.^  By  L.  J.  Spencer,  M.A.,  F.G.S.,  British  Museum 
(Natural  History). 

LEAD  ores  have  been  worked  in  the  Mendip  Hills  (East  Somerset) 
ever  since  the  time  of  the  Romans ;  but  during  the  present 
century  operations  have  been  chiefly  confined  to  the  reworking  of  the 

*  Bead  before  Sect.  C  (Geolog7),  British  Assuciatiou,  firistol  Meeting,  Sept.  1898. 
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old  waste  heaps  of  slags  and  slimes.  From  these  heaps  upwards  of 
9,000  tons  of  lead  was  extracted  during  the  ten  years  ending  1880. 
The  material  now  heing  worked  at  Priddy  has  the  appearance  of 
a  brown  earth :  it  contains  fragments  of  charcoal  and  limestone,  and 
about  6  per  cent  of  lead  as  carbonate.  Embedded  here  and  there 
in  this  material  are  blocks  consisting  of  devitrified  slag,  partially 
fused  galena,  and  fragments  of  charcoal ;  and  in  the  cavities 
numerous  small  crystals  of  cerussite  (Pb  C  O,)  and  anglesite  (Pb  S  O4) 
and,  less  frequently,  of  leadhillite. 

Leadhillite  has  not  been  before  observed  under  such  conditions. 
In  the  Roman  lead  slags  at  Laurion  in  Greece,  which  have  been  in 
contact  with  sea-water,  Lacroix  has  noted  the  following  secondary 
minerals :  matlockite,  penfieldite,  laurionite,  fiedlerite,  phosgeuite, 
cerussite,  hydrocerussite,  and  anglesite. 

The  colourless  crystals  of  Mendip  leadhillite  have,  perpendicular 
to  the  perfect  basal  cleavage,  an  acute  negative  bisectrix  with  an 
optic  axial  angle  in  air  of  2E=72f°;  at  a  temperature  of  97°  C, 
2E=70^°.  The  frequent  twinning  and  the  goniometric  measure- 
ments (which  are,  however,  not  very  good)  are  not  inconsistent  with 
tlie  orthorliombic  symmetry  insisted  upon  by  Miller.  The  basal 
planes  of  complicated  twin  crystals  always  give  a  single  sharp 
reflected  image,  whicli  is  not  the  case  with  twin  crystals  of  ordinary 
monosymmetric  leadhillite.     A  few  crystals  are  optically  uniaxial. 

There  therefore  seem  to  be  three  kinds  of  leadhillite,  all  of  which 
are  identical  in  outward  appearance :  (a)  Monosymmetric,  with  the 
optic  axial  angle  2E=:20° ;  (6)  rhombohedral  (?)  and  optically 
uniaxial  (susannite)  :  (c)  orthorhombio,  with  2E=72J°. 

Before  1874:  the  formula  for  leadhillite  was  given  as  PbSO^.SPbCO,, 
and  that  now  usually  accepted  is  PbS04.2PbCO,.Pb(OH),;  but  no  two 
of  the  several  analyses  that  have  been  made  are  in  close  agreement, 
and  other  formulae  have  been  proposed.  Doubtless  each  of  the  above 
kinds  has  a  definite  chemical  composition,  and  the  variations  shown 
by  the  different  analyses  are  possibly  due  to  the  fact  that  two — (a)  and 
(6)  or  (6)  and  (c) — of  the  three  kinds  may  occur  together  in  the  same 
crystal,  as  observed  by  Bertrand  and  by  myself  in  specimens  from 
Leadhills.  It  will  therefore  be  necessary  to  examine  optically  each 
fragment  that  is  collected  for  future  analyses  of  leadhillite. 

III. — Gigantic  Irish  Dekr-Hkhains. — Report  of  the  Committee, 
consisting  of  Professor  W.  Boyd  Dawkins  (Chairman),  His 
Honour  Deemster  Gill,  the  Rev.  E.  B.  Savaqe,  Mr.  G.  W. 
Lampluoo,  and  Mr.  P.  M.  C.  Kermode  (Secretary),  appointed 
to  examine  the  Conditions  under  which  remains  of  the  Gigantio 
Irish  Deer  are  found  in  the  Isle  of  Man.^ 

"fT7E  were  able  to  add  a  footnote  to  our  report  of  last  year  to  the 

T  V,      effect  that  a  fairly  perfect  skeleton  of  Cervus  giganteus  had 

been  discovered,  of  which   we  hoped  to  hand  in  details  with  this 

year's  report.     These  remains  were  found  in  a  marl-pit  at  Close-y- 

'  Commumcated  to  the  British  AsBociatioo,  Bristul,  September,  1898,  Section  O 
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Garey,  on  the  east  side  of  the  railway  line,  half  a  mile  north  from 
St.  John's,  and  the  same  distance  south  from  Poortown  station. 

The  bones  ^ere  nearly  all  in  juxtaposition  and,  excepting  the  ribs 
and  pelvic  bones  and  one  shoulder-blade,  in  a  very  fair  state  of 
preservation.  The  antlers  were  nearly  complete ;  the  beams,  how- 
ever, are  represented  by  fragments,  the  skull  also  is  fragmentary. 

The  left  antler  is  the  larger ;  it  measures  across  the  palm  15  inches, 
allowing  for  a  piece  of  the  front  edge  which  has  decayed  away  ;  the 
right  measures  13  inches.  With  the  tines,  most  of  which  dropped 
off  on  lifting  from  the  marl,  they  are  respectively  56^  inches  and 
53  inches  long,  and  the  beam  would  have  been  about  10  inches 
more.  They  show  six  points,  besides  the  brow-tines,  which  had 
fallen  off,  the  portion  of  the  beam  to  which  they  were  attached 
baying  decayed  away. 

The  palm  of  the  left  antler  lay  over  the  lumbar  vertebrae,  and  the 
light  over  the  fore-quarters.  The  upper  jaw  teeth  were  preserved 
OQ  both  sides,  and  those  of  the  left  lower  jaw  were  embedded  in  the 
nmos.  A  fragment  of  the  right  symphysis  was  also  present,  and 
there  were  various  fragments  of  a  skull  which  had  been  broken  up 
before  the  discovery. 

One  of  the  ribs  had  been  perforated,  probably  by  the  point  of  an 
iDtler  of  another  elk  in  one  of  their  usual  fights.  It  was  fractured 
aawell  as  perforated,  and  had  been  healed.  This  injury,  therefore, 
was  not  connected  with  the  death  of  the  anirnal,  which  took  place  in 
ita  full  prime,  as  shown  by  the  perfection  of  the  teeth  and  the 
dimensions  of  the  antlers. 

Professor  Boyd  Dawkins  examined  the  bones  in  December  and 
loade  the  measurements  of  the  skeleton  found  at  Close-y-Garey. 

Excavation  No.  1  in  disturbed  soil  yielded  fragments  of  upper 
jaw  (teeth  worn)  of  Cervus  giganteus. 

The  skeleton  lay  in  white  marl  at  a  depth  of  about  9  feet  from  the 
present  surface,  on  its  right  side,  the  legs  drawn  up  to  the  body,  the 
head  towards  the  margin  of  the  ancient  pool,  now  a  morass,  which 
lies  in  a  hollow  in  the  glacial  drifts. 

From  the  position  of  the  bones  the  animal  appeared  to  have  died 
where  it  was  found,  not  to  have  been  washed  down  by  floods. 
About  sixty  years  ago  the  bog  had  been  worked  for  marl,  and  the 
present  well-defined  banks  mark  out  a  rectangular  hollow  some 
50  yards  square  and  about  3  feet  below  the  surrounding  surface. 

Across  one  comer  of  this  a  trench  was  dug  to  carry  off  the  water, 
*^d  the  operations  of  the  Committee  were  confined  to  a  triangular 
*rea  on  the  west  side  of  the  trench,  measuring  about  15  yards  east 
*D<1  west,  by  about  30  yards  north  and  south.  They  excavated 
*ll  over  this  space  to  a  depth  of  over  9  feet.  The  first  four 
excavations,  being  through  ground  which  had  previously  been 
"^8turbed,  yielded  no  definite  results,  but  at  one  point  a  few  bones 
^^re  met  with,  among  which  were  fragments  of  maxilla,  the  sixth 
^^ical  vertebra,  the  second  lumbar  vertebra,  and  a  fragment  of 
^  ^b.  In  association  with  these  were  remains  of  horse  i^^^te^exvV^^ 
y  a  radius  and  lower  jawa  of  two  individuals.     Tkoug\i  tXitt  gcouM^ 
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had  been  disturbed  the  horse  bones  probably  belonged  to  the  same 
age  as  the  Great  Deer.  A  fragment  of  a  metatarsal,  met  with  ia 
digging  the  trench,  had  an  artificial  perforation.  , 

The  result  of  all  the  excavations,  allowing  for  the  disturbed  state 
of  the  ground,  showed  the  following  beds  : — 

A.  Disturbed  soil  and  peat,  an  average  of  about 

B.  In  one  place  a  blue  clay  or  silt  was  observed  resting  on  the  white  marl. 

C.  AVhite  marl  containing  the  remains  of  the  Gigantic  Deer       

■XJ •  MjkXx^  lunix    •••  •••  •••  •••  •••  «••  •••  •••  ••• 

E.  Rod  sand  with  gpravel       

^9   xjxuwu  vic*y  •••  ••«  •••  •••  •••  •••  ••«  %•• 

G    Sand  and  graven  pQj^^^j^  I         

As  stated  above,  the  whole  surface  had  been  lowered  about  3  feet 
in  digging  for  marl ;  the  peat  had  for  the  most  part  been  removed, 
and  a  great  deal  of  the  marl  also;  indeed,  we  were  fortunate  in 
finding  this  one  spot  in  which  the  marl  itself  had  not  been  disturbed. 

The  finding  of  detached  bones  shows  that  other  individuals  had 
perished  here,  and  is  consistent  with  what  we  were  told,  that 
a  specimen  had  been  seen  when  digging  for  marl,  and  that  the 
antlers  of  another  had  been  taken  out.  We  were  told  also  that  two 
skulls  without  antlers  had  been  seen  on  the  other  side  of  our  trench. 

Samples  of  the  marl  and  other  beds  were  forwarded  to  Mr.  James 
}3eunie,  of  Edinburgh,  who  again  most  kindly  undertook  the  laborious 
task  of  washing  and  sifting  the  material.  The  organic  remains  thus 
obtained  were  examined  by  Mr.  Clement  Reid,  who  has  determined 
the  following  plants  : — 

From  Peat  B. 

Jianuncului  flammtUa^  L.  CarduM  critputt  L. 

Viola  piilutitrtSf  L.  Menyanthe*  trifoliata^  L. 

Rubm  fruticonuy  L.  (very  small).  Empetrum  nigrum^  L. 

Fotmtilla  tormentilla^  X«ck.  PotamogetoUf  sp. 

,,        eomarum^  Nentl.  Carex,  4  sp. 

Also  beetles,  3  sp.,  and  caddis  cases. 

From  Marl  C. 

Banuneulm  repens,  L.  Empetrum  nigrum^  L. 

Viola  palu9tr%8y  L.  Fotamogetony  up. 

Fotentilla  comartim^  Nestl.  Carex^  4  sp. 

Myriophgllum  tpieatuntt  L.  Chara,  sp. 

Rumex  odtMt\foliu9,  L.  Umbelliferous  plant  (unripe). 

From  Bed  Sand  D. 

Plant-remains,  not  determined. 

From  Bed  F. 

Betula  alba.  Bracts  of  sedge. 

Fotamogeton^  sp.  Leaves  (?). 

Carex f  sp. 

Mr.  E.  Okell  examined  the  White  Marl  for  Diatoms,  but  found  no 
trace.     There  are  no  fresh- water  shells  in  iL 

'  This  was  noticed  below  the  skeleton,  and  may  have  been  discoloured  by  the 
decay  of  the  body. 
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In  onr  last  report  we  were  able  to  annonnoe  the  discovery  ia 
a  previous  excavation  near  Ballough  of  the  Arctic  crustacean  Le/M- 
dsnii  glaeiali$,  and  accompanied  bj  the  Arctic  willow  Salix  herhacea 
in  a  bed  of  silt  occurring  above  CAara-marl,  like  that  of  the  prcHcnt 
section.  In  that  locality,  however,  we  did  not  succeed  in  finding 
elk-remains  in  the  marl,  probably  on  account  of  the  limited  character 
of  our  excavation,  as  we  have  every  reason  to  believe  that  the 
•keleton  now  in  Edinburgh  Museum  was  obtained  from  that  bed. 
In  the  present  instance,  though  we  have  found  the  elk,  it  will  be 
noticed  that  the  section  contains  no  trace  of  the  Arctic  fauna.  This 
is  greatly  to  be  regretted,  since — as  was  pointed  out  by  Mr.  C.  Heid 
in  oar  last  report — the  relation  of  this  fauna  to  the  bed  containing 
the  elk  ia  a  point  of  great  theoretical  importance.  It  is  also  im- 
portant that  the  presence  of  the  horse  in  the  wild  fauna  of  the  Isle 
of  Man  should  be  placed  beyond  doubt  by  working  in  undisturbed 
groand.  The  same  group  of  animals  may  be  expected  as  that  which 
occars  in  the  prehistoric  strata  of  Ireland  and  England.  Under 
these  circumstances  we  propose  to  apply  for  a  further  grant  to 
oiny  on  explorations  which  will  probably  definitely  settle  these 
interesting  questions. 

The  balance  of  the  grant,  renewed  last  year,  was  expended  in 
the  preliminary  work  of  draining ;  further  funds,  which  enabled 
the  Committee  to  continue  the  work  and  to  exhume  the  specimen 
which  has  now  been  set  up  in  Castle  Kushen,  Isle  of  Man,  were 
provided  by  the  local  Society,  which  also  contributed  the  amount 
required  for  mounting  the  skeleton. 

The  best  thanks  of  the  Committee  are  due  to  Messrs.  C.  Heid, 
J-  Bennie,  and  R.  Okell  for  the  valuable  assistance  they  have 
rendered  in  the  investigation. 


IV.-^SUPPLEMKNTABT     LiST     OF     BbITISH     MINERALS.^       By     L.    J. 

Spenoeb,  M.A.,  F.G.S.,  British  Museum  (Natural  History). 

DUHING  the  forty  years  which  have  elapsed  since  the  publication 
of  Greg  and  Lettsonrs  **  Manual  of  the  Mineralogy  of  Great 
^ntain  and  Ireland,"  a  considerable  number  of  species,  variety  and 
<>th6r  names  have  been  added  to  the  list  of  minerals  occurring  in  the 
Sntish  Isles.  In  1858  Greg  and  Lettsom  recognized  241  British 
•P^cies,  but  of  these  only  209  are  given  as  numbered  species  by 
^a«a  in  the  sixth  edition  (1892)  of  his  "  System  of  Mineralogy." 
^0  this  list  may  now  be  added  84  more,  bringing  the  total  number 
^  British  species  up  to  293,  as  compared  with  the  total  of  824 
*^^own  mineral  species  recognized  by  Dana  in  1892.  Owing  to 
^"®  difficulty  in  some  cases  of  defining  a  mineral  species,  to  the 
^^oertainty  of  some  of  the  determinations,  and  to  the  fact  that 
^  ^^stematic  search  through  the  whole  of  the  literature  has  not  yet 
"^^  made,  these  numbers  can  only  be  considered  approximate. 

^me  of  the  most  notable  additions  are  of  minerals  which  have 
^^  detected  by  the  microscopical  examination  of  rock-sections^ 

Head  before  Sect.  C  (Geology),  BritiBh  Aflsooiatiou,  Briisiol  liieeUTi^,^<^^H>.  \^^^* 
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I. — TiiK   Action    of   Watks    and   Tides    on    thi    Movkmbnt    or 

MaTKRIAL  UN  THB  SsA-OgABT.      Bj  W.  H.  WuKBLEK,  M.Iiiat-C.E., 

Boston,  Liiicolnfihire.' 
riIHE  object  of  this  paper  lb  to  show  the  relative  effect  of  waves 
L  due  to  wind  unii  tidal  aation  on  littoral  drift.  It  is  pointed  out 
lliut  all  cliffs  that  border  the  aea-ooast  are  doomed  to  eroBion,  and 
the  malerial  derived  from  their  deatruotion,  after  being  sorted  ftod 
prepared  bj  waves  wid  tidal  action,  is  conveyed  to  the  depths  of  tlie 
sea.  The  function  of  wind  waves  is  to  break  down  the  cliffs,  to  sort 
the  material  displaced,  and  to  reduce  the  hirger  rook  fragments  into 
si^ea  HiifBuiently  small  to  he  Eicted  on  by  the  tidee,  BDd  to  disperse 
nialeriul  that  has  been  collected  in  large  masses  by  tidal  action. 
Tlie  function  of  tlie  tides  ooasists  in  raising  the  water  of  the  ouean 
sufficiently  high  to  enable  the  wavea  to  attack  the  cliffs,  in  aasisting 
in  the  grinding  up  of  the  reduced  rock  fragments  by  their  perpetual 
oscillating  motion  until  auffioiently  reduced  in  aize,  and  then  in 
trnnsporting  thetn  to  the  bed  of  the  sea,  the  latter  operation  being 
effected  either  in  aolution,  suspension,  or  rolling  alone;  tiie  bottom. 

It  is  ehowD  that  all  material  eroded  from  [he  oli%  is  ultimat«lj 
carried  seaward,  and  that  the  sea  yields  nothing  lo  the  land.  Tba 
only  agents  capable  of  transporting  malorial  of  greater  specific 
gravity  than  the  water  are  the  waves,  and  their  action,  until  they 
break  on  the  shore,  is  merely  one  of  undulation ;  and  therefor 
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on  by  gales,  is  continuous,  regular,  and  constant  in  direction.     It  is 

shown  by  a  number  of  examples  that  the  travel  of  shingle  is  not 

coincident  either  with  the  prevailing  or  predominant  winds,  but  on 

A  tidal  coast  the  predominant  drift  is  invariably  in  the  same  direction 

as  that  of  the  flood  tide.      The  action  of  the  tides  in  heaping  up 

and  drifting  material  is  due  to  wave  action.     The  rise  and  fall  of  the 

tide  on  the  coast  does  not  consist  of  a  mere  vertical  rise  and  fall  of 

the  water,  but  of  a  continual  oscillation.     The  crest  of  the  tidal 

wave  in  the  open  sea,  being  in  advance  of  that  near  the  shore, 

results  in  an  oblique  lateral  movement  along  the  beach,  and  the 

advance  of  the  water  being  checked  by  the  shallow  bed  with  which 

it  comes  in  contact,  is  reflected  back,  resulting  in  a  series  of  small 

oscillations  or  waves  which  break  when  they  reach  the  low-water 

line.      These  oscillations  are  ever  present  on  the  margin  of  the 

shore,  even  when  the  sea  is  calmest,  and  are  never  absent  except 

when  absorbed  by  larger  waves  due  to  gales.     These  tidal  wavelets 

vary  in  height  from  6  inches  to  2  feet,  and  break  on  the  shore  at  the 

rate  of  from  ten  to  twenty  a  minute  according  to  the  rise  of  the  tide 

and  the  slope  of  the  beach.     These  wavelets,  aided  by  the  flood 

current,  lift  up  and  carry  forward  any  coarse  sand,  loose  stones,  or 

other  material  with  which  they  come  in  contact,  and  leave  some 

portion  of  it  stranded  at  the  highest  point  to  which  the  tide  of  the  day 

reaches.      The  wavelets,  besides  lifting  and  transporting  tlie  shingle, 

brush  upward  the  whole  of  the  face  of  the  bank,  and   gradually 

raise  it  above  the  line  of  high- water.      It  is  shown  that,  though 

these  waves  are  small,  they  by  their  weight  and  velocity  develop 

safficient  force  to  move  a  large  quantity  of  pebbles.     A  wave  having 

a  height  of  only  a  foot  from  trough  to  crest,  giving  a  head  of 

6  inches,  and  containing  a  volume  of  water  equal  to  a  weight  of 

'142  ton  has  sufficient  kinetic  energy  to  raise  165  lbs.  of  pebbles 

a  foot  high.     Allowing  the  weight  of  pebbles  in  water  to  be  100  lbs. 

to  the  cubic  foot,  each  wave,  if  the  whole  of  its  energy  be  applied  to 

the  movement  of  the  material,  is  capable  of  raising  660  pebbles 

2  inches  in  diameter  a  foot ;    or,  with  fifteen  waves  to  the  minute, 

9,900  pebbles  a  minute  and  2,376,000  in  a  single  tide,  or  a  total 

weight  of  stone  of  266*4  tons  a  foot  high.     This,  however,  is  beyond 

the  work  actually  done,  as  a  portion  of  the  energy  of  the  wave  is 

absorbed  in  friction.     The  above  rough  approximation  of  the  power 

of  the  wavelets  is  sufficient  to  show  the  enormous  power  that  is 

developed  by  tidal  action  day  by  day  on  the  coast,  and  the  capability 

of  the  wavelets  due  to  the  tides  for  building  up  shingle  banks  and 

drifting  the  pebbles  along  the  beach. 


II. — Lkadhillitb  in  Anoibnt  Lead  Slaqs  from  the  Mendip 
Hills.*  By  L.  J.  Spencer,  M.A.,  F.G.S.,  British  Museum 
(Natural  History). 

LEA.D  ores  have  been  worked  in  the  Mendip  Hills  (East  Somerset) 
ever  since  the  time  of  the  Homans ;  but  during  the  present 
otntury  operations  have  been  chiefly  confined  to  the  reworking  of  the 

*  Read  before  Sect.  C  (Geology),  British  Association,  Bristol  Meeting,  Sept.  1898. 
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old  waste  heaps  of  alage  nud  Bliraes.  From  these  heaps  upwanls  nC 
9.000  toDs  of  lead  was  eitraoted  during  the  ten  years  ending  1880. 
The  material  now  being  worlied  at  Priddy  has  Ibe  appearance  of 
B  brown  earth:  it  contains  fragments  of  charcoal  and  limestene.  and 
about  6  per  cent,  of  lead  as  tjarbonate.  Embedded  here  and  thera 
ill  this  niateriul  are  blocks  consisting  of  devilritied  slag,  partially 
fused  galena,  and  fragments  of  charcoal;  and  in  the  cavities 
nnmerons  small  crystals  of  cerussitc  (Pb  C  0,)  and  anglesite  (PbS  0.) 
and,  less  frequently,  of  leadhillite. 

Leadhitlite  has  not  been  before  observed  under  such  conditions. 
In  the  Raman  lead  slags  at  Laurion  in  Greece,  which  have  been  in 
contact  with  sett-water,  Laoroix  has  noled  Ibe  following  secondary 
minerals:  matlockite,  penficldite,  Inuriuiiite,  fiedlerite,  phosgeuite, 
oerussite,  hydrouerussite,  and  anglestte. 

Tbe  ooloiirtess  crystals  of  Mendip  leadhillite  have,  perpendicular 
to  tbe  perfect  baxal  eWvage.  an  acute  negative  bisectrix  with  an 
optic  aiial  angle  in  air  of  2B=72f°;  at  a  temperature  of  97"  C, 
2E=70^°.  Tbe  frequent  twinning  and  the  gonionietrio  measure- 
ments  (which  are,  however,  not  very  good)  are  not  inconsistent  with 
the  ortborhombio  symmetry  insisted  upon  by  Miller.  Tbe  basal 
planes  of  complicated  twin  crystals  always  give  a  single  sharp 
reflected  image,  which  is  not  the  case  with  twin  crystals  of  ordinary 
monosymmeti'io  leadhillite.     A  few  crystals  are  optically  uniaxial. 

There  therefore  seem  to  be  three  kinds  of  leadhillite,  all  of  whioli 
are  idenlioal  in  outward  apiiearnnce:  (a)  Monosymmetrio,  with  iha 
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Garey,  on  the  east  side  of  the  railway  line,  half  a  mile  north  from 
St.  John's,  and  the  same  distance  south  from  Poortown  station. 

The  bones  ^ere  nearly  all  in  juxtaposition  and,  excepting  the  ribs 
and  peWic  bones  and  one  shoulder-blade,  in  a  very  fair  state  of 
preservation.  The  antlers  were  nearly  complete ;  the  beams,  how- 
ever, are  represented  by  fragments,  the  skull  also  is  fragmentary. 

The  left  antler  is  the  larger ;  it  measures  across  the  palm  15  inches, 
allowing  for  a  piece  of  the  front  edge  which  has  decayed  away ;  the 
right  measures  13  inches.  With  the  tines,  most  of  which  dropped 
off  on  lifting  from  the  marl,  they  are  respectively  56^  inches  and 
53  inches  long,  and  the  beam  would  have  been  about  10  inches 
more.  They  show  six  points,  besides  the  brow-tines,  which  had 
fallen  off*,  the  portion  of  the  beam  to  which  they  were  attached 
having  decayed  away. 

The  palm  of  the  left  antler  lay  over  the  lumbar  vertebne,  and  the 
right  over  the  fore-quarters.  The  upper  jaw  teeth  were  preserved 
on  both  sides,  and  those  of  the  left  lower  jaw  were  embedded  in  the 
ramus.  A  fragment  of  the  right  symphysis  was  also  present,  and 
there  were  various  fragments  of  a  skull  which  had  been  broken  up 
before  the  discovery. 

One  of  the  ribs  had  been  perforated,  probably  by  the  point  of  an 
antler  of  another  elk  in  one  of  their  usual  fights.  It  was  fractured 
as  well  as  perforated,  and  had  been  healed.  This  injury,  therefore, 
was  not  connected  with  the  death  of  the  animal,  which  took  place  in 
its  full  prime,  as  shown  by  the  perfection  of  the  teeth  and  the 
dimensions  of  the  antlers. 

Professor  Boyd  Dawkins  examined  the  bones  in  December  and 
made  the  measurements  of  the  skeleton  found  at  Close-y -Garey. 

Excavation  No.  1  in  disturbed  soil  yielded  fragments  of  upper 
jaw  (teeth  worn)  of  Cervus  giganteus. 

The  skeleton  lay  in  white  marl  at  a  depth  of  about  9  feet  from  the 
present  surface,  on  its  right  side,  the  legs  drawn  up  to  the  body,  the 
bead  towards  the  margin  of  the  ancient  pool,  now  a  morass,  which 
lies  in  a  hollow  in  the  glacial  drifts. 

From  the  position  of  the  bones  the  animal  appeared  to  have  died 
where  it  was  found,  not  to  have  been  washed  down  by  floods. 
About  sixty  years  ago  the  bog  had  been  worked  for  marl,  and  the 
present  well-defined  banks  mark  out  a  rectangular  hollow  some 
oO  yards  square  and  about  3  feet  below  the  surrounding  surface. 

Across  one  comer  of  this  a  trench  was  dug  to  carry  off  the  water, 
aud  the  operations  of  the  Committee  were  confined  to  a  triangular 
area  on  the  west  side  of  the  trench,  measuring  about  15  yards  east 
and  west,  by  about  30  yards  north  and  south.  They  excavated 
all  over  this  space  to  a  depth  of  over  9  feet.  The  first  four 
excavations,  being  through  ground  which  had  previously  been 
disturbed,  yielded  no  definite  results,  but  at  one  point  a  few  bones 
were  met  with,  among  which  were  fragments  of  maxilla,  the  sixth 
cervical  vertebra,  the  second  lumbar  vertebra,  and  a  fragment  of 
a  rib.  In  association  with  these  were  remains  of  horse  represented 
bj  a  radius  and  lower  jaws  of  two  individuals.     Though  the  ground 
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bad  been  disturbed  the  borae  bonea  probably  belnnged  to  the  nme 
age  as  the  Great  Deer.     A  rragnient  of  a  metatarsal,  met  with  in 

dig(;i[ig  tbe  trencb,  had  an  artificial  perforation.  , 

'i'he  reeiilt  of  all  the  exoavationa,  allowing  for  tbe  disturbed  stale 
of  the  ground,  showed  the  following  beds  : — 

Ft.  in. 

A.  Disturbed  soil  and  peat,  an  avfra^  of  about 3    0 

D.  In  one  place  n  blue  clay  or  silt  was  obsetved  reatinj;  on  the  white  marl. 

C.  White  nmrl  containing  the  remaitia  of  tbe  Gigantic  Deer 

D.  liluiimarl' 

E.  ItL-d  Bund  with  graiel        

F.  UrowncLiv  

As  Btnted  above,  the  whole  surface  bad  been  lowered  about  3  feet 
ia  digging  for  marl ;  the  peat  bad  for  the  most  part  been  removed, 
and  a  great  deal  of  the  marl  also ;  indeed,  we  were  fortunate  in 
finding  this  one  spot  in  which  the  marl  itself  had  not  been  disturbed. 

The  finding  of  detached  bones  shows  that  olher  individuals  bad 
perished  here,  and  is  consistent  with  what  we  were  told,  that 
a  specimen  had  been  seen  when  digging  for  marl,  and  that  tbe 
antlers  of  another  Lad  been  taken  out.  We  were  told  also  that  two 
skulls  without  antlern  had  been  seen  on  the  other  side  of  our  trench. 

Samples  of  the  marl  and  other  beds  were  forwarded  to  Mr.  James 
Beunie,  of  Edinburgh,  who  again  most  kindly  undertook  the  laborious 
task  of  washing  and  sifting  the  material.     The  organic  remains  thus 
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In  our  last  report  we  were  able  to  announce  the  diBoovery  in 
a  previons  excavation  near  Ballough  of  the  Arctic  crustacean  Lepi' 
dwrui  glacialis,  and  accompanied  by  the  Arctic  willow  Salix  herhacea 
in  a  bed  of  silt  occurring  above  Chara-marl,  like  that  of  the  present 
section.  In  that  locality,  however,  we  did  not  succeed  in  finding 
elk-remains  in  the  marl,  probably  on  account  of  the  limited  character 
of  our  excavation,  as  we  have  every  reason  to  believe  that  the 
skeleton  now  in  Edinburgh  Museum  was  obtained  from  that  bed. 
Id  the  present  instance,  though  we  have  found  the  elk,  it  will  be 
noticed  that  the  section  contains  no  trace  of  the  Arctic  fauna.  This 
is  greatly  to  be  regretted,  since — as  was  pointed  out  by  Mr.  C.  Reid 
in  our  last  report — the  relation  of  this  fauna  to  the  bed  containing 
the  elk  is  a  point  of  great  theoretical  importance.  It  is  also  im- 
portant that  the  presence  of  the  horse  in  the  wild  fauna  of  the  Isle 
of  Man  should  be  placed  beyond  doubt  by  working  in  undisturbed 
ground.  The  same  group  of  animals  may  be  expected  as  that  which 
oocnrs  in  the  prehistoric  strata  of  Ireland  and  England.  Under 
these  circumstances  we  propose  to  apply  for  a  further  grant  to 
carry  on  explorations  which  will  probably  definitely  settle  these 
interesting  questions. 

The  balance  of  the  grant,  renewed  last  year,  was  expended  in 
the  preliminary  work  of  draining ;  further  funds,  which  enabled 
the  Committee  to  continue  the  work  and  to  exhume  the  specimen 
which  has  now  been  set  up  in  Castle  Hushen,  Isle  of  Man,  were 
proyided  by  the  local  Society,  which  also  contributed  the  amount 

njquired  for  mounting  the  skeleton. 
The  best  thanks  of  the  Committee  are  due  to  Messrs.  C.  Eeid, 

J.   Bennie,   and   R.  Okell  for   the  valuable   assistance   they  have 

rendered  in  the  investigation. 


IV.— SUPPLEMENTABT     LiST     OF      BRITISH     MINERALS.*        By     L.    J. 

Spencer,  M.A.,  F.G.S.,  British  Museum  (Natural  History). 

DURING  the  forty  years  which  have  elapsed  since  the  publication 
of  Greg  and  Lettsom*8  "  Manual  of  the  Mineralogy  of  Great 
liritain  and  Ireland,"  a  considerable  number  of  species,  variety  and 
other  names  have  been  added  to  the  list  of  minerals  occurring  in  the 
British  Isles.  In  1858  Greg  and  Lettsom  recognized  241  British 
species,  but  of  these  only  209  are  given  as  numbered  species  by 
Cana  in  the  sixth  edition  (1892)  of  his  "System  of  Mineralogy." 
To  this  list  may  now  be  added  84  more,  bringing  the  total  number 
of  British  species  up  to  293,  as  compared  with  the  total  of  824 
knowD  mineral  species  recognized  by  Dana  in  1892.  Owing  to 
^he  difficulty  in  some  cases  of  defining  a  mineral  species,  to  the 
Qnoertainty  of  some  of  the  determinations,  and  to  the  fact  that 
^  systematic  search  through  the  whole  of  the  literature  has  not  yet 
Wn  made,  these  numbers  can  only  be  considered  approximate. 

Some  of  the  most  notable  additions  are  of  minerals  which  have 
^en  detected  by  the  microscopical  examination  of  rock-sections, 

^  Read  before  Sect.  C  (Geology),  British  Association,  Bristol  Meeting,  Sept.  1898. 
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e.g.,    nepbelite,    nosean,    and    varioas    felspars,    pyroxenes,    and 
amphiboles. 

In  the  following  list  are  added  113  other  names  which  have  been 
applied  to  British  minerals;  the  species  are  distinguished  by  italics. 
The  first  observer  and  date  have  been  added  (in  parenthesis) 
wherever  possible  ;  in  other  oases  the  earliest  reference  found 
is  given. 


Abriacbanite  (Heddle,  1879). 
Achroite  (Colling,  1876). 
jflgirite  (Teall,  1888). 
Aikinite  (Museum  Pnict.  Geol.). 
Albertite  (Morrison,  1884). 
Alunogen  (Smithe,  1882). 
Amazon  stone  (Heddle,  1877). 
AmblvHtegite  (Judd,  1886). 
AficU'sme  (Heddle,  1877). 
Andre wsite  (Maskelyne,  1871). 
Anorthite  (Haughton,  1856). 
Autigorite  (Heddle,  1878). 
Antimmy  ?  (Garby,  1848). 
Atacamife  f Church,  1865). 
Balvraidite^Heddle,  1880). 
Baricalcite  (Breithaupt,  1841). 
Barytocelestite  (Collie,  1878). 
Bastite. 

Bathvillite  (Williams,  1863). 
Bauxite  (Sutherland,  1870). 
Jiayldonite  (Church,  1865). 
Beekite. 

Beraunite  (Greg,  1860). 
Bbreckite  (Heddle,  1879). 
Botjillackite  (Church,  1865). 
Bowlingite  (Hannay,  1877). 
Braunite  ?  (Collins,  1871). 
Bniiacbite  (Macadam,  1886). 
Bytownito  (Teall,  1884). 
Cantouite  (Da vies,  1877). 
Cathkiuite  (Glen  &  Young,  1882). 
Ci'ladotiite  (Heddle,  1879). 
Ceutrallassite  (How,  1878). 
C/ia/cosiderite  (Maskelyne,  1875). 
Chenerixife  (Adam,  1866). 
Chloritoid  (Heddle,  1879). 
Chlnropal  (Church,  1866). 
Chlorophyllite  (Heddle,  1882). 
Chrome-diopside  (Teall,  1888). 
Chrysobcryl  (Haughton,  1856). 
Cbrysotile. 

Chun-hite  (Church,  1865). 
Cleavelandite  (Heddle,  1877). 
Clinochlore  (British  Museum). 
Clouatonito  (Heddle,  1880). 
Coocolite  (Heddle,  1877). 
CM  If  rite  (Gladstone,  1862). 
Cotterite  (Harkness,  1878). 
Craigtonite  (Heddle,  1882). 
Crocidolite  (Heddle,  1879). 
Crvptolite  (Church,  1872). 
Dnnahte  (Miers  &  Prior,  1892). 
Baphnite  (Tschermak,  1891). 


DeletHte  (Heddle,  1879). 

Demidoffite  (Greg,  1860). 

Deacldzite  (Frenzel,  1876). 

Devilline  (Pisani,  1864). 

Dolianite  (Des  Cloizeaux,  1862). 

Dudgeonite  (Heddle,  1889). 

DufreniU  (Kinch  &  Butler,  1886). 

Duportbite  (CoUins,  1877). 

Edenite  (Heddle,  1878). 

Electrum  (Forbes,  1867). 

EUonite  (Heddle,  1882). 

Efutatite. 

Enysite  (Collins,  1876). 

Eosite  (Schrauf,  1871). 

EulytiU  (ColUns,  1881). 

£ransit0  (Woodward,  1884). 

Ferrite  (Heddle,  1882). 

FibrolUe  (Heddle,  1882). 

Ficbtehte  (Macadam,  1889). 

Freualebenite  ?  (Museum  Pract.  Qeol.]. 

Funkite  (Heddle,  1882). 

Genthiie  (Heddle,  1878). 

Oeradorffite  (Forbes,  1868). 

Gigantolite  (Heddle,  1882). 

Olaucophane  (Blake,  1888). 

Gramenite  (Collins,  1877). 

Grastite  (Heddle,  1878). 

Grossular  (Heddle,  1878). 

Griinlingite  (Muthmann  &  Schroder,  *9 7). 

HalU^ysite  (Heddle,  1882). 

Haughtonite  (Heddle,  1879). 

Hausmannite  (Goodchild,  1876). 

Hen woodite  (Collins,  1876). 

Hibbertite  (Hedule,  1878). 

Hisingerite  (Church,  1870). 

Hovite  (Gladstone,  1862). 

Hullite  (Hardman,  1878). 

Hvdrated  labradorite  (Heddle,  1880). 

HydroceruasiU  (Heddle,  1889). 

Hydrophilite  (Spiller,  1876). 

Hydroplumbite  (Heddle,  1889). 

Hydrozincite  (Goodchild,  1883). 

Iddingsite  P  (Amold-Bemrose,  1894). 

Igelstrcimite  (Heddle,  1878). 

Inverarite  (Heddle,  1883). 

Jarrowite  (Lebour,  1887). 

Johannite  ?  (Garby,  1848). 

Langite  (Maskelyne,  1864). 

Latrobite  (Heddle,  1877). 

Lepidoniehine  (Ilau^hton,  1859). 

Lettsomite  (British  Museum). 

Leuchtenbergite  (Glen  &  Young,  1876). 

Leucoxene  (Geikie,  1879). 


Noiiees  of  Memoirs — H.B.  Woodward — Arborescent  Markings.  77 


linimte  (Chnrcb,  1865). 
Lttm^tiieiTemW  &  Dee  Cloizeaux,  1880). 
IMmrdiU  (Maskelyne,  1878). 
Lonnite  (Harkneas,  1866). 
min^ti  (Comns,  1871). 
iMdkmiU  (Field,  1877). 
Lnnatite  (Millaid,  1890). 
Lvellite  (Maskelvne,  1864). 
MarmoUte  (Hed^e.  1878). 

Martite  (Heddle,  1882). 

IfoMwo/ ?  (Collins,  1871). 

Kelanite  (Teall,  1892). 

MirahUite  (Glen  &  Tonng,  1876). 
XimKiU  (Miers,  1885). 
MoHtmorUloHite  (Collins,  1878). 
Hottnmite  (Roscoe,  1876). 
Mountain  silk,  etc.  (Heddle,  1879). 
Necronite  (Heddle,  1877). 
Neotype  (Breithaupt,  1841). 
A'rphelite  (Allport,  1871). 
Jfepbrite  (Heddle,  1878). 
yotm  (Allport,  1874). 
OktniU  (Glen  A  Young,  1876). 
OligocloM  (Haujfhton,  1862). 
Omphacite  (Teall,  1891). 
Orannte  (Heddle,  1883). 
Ottrelite  (Hutchings,  1889). 
hipme  (Heddle,  1878). 
femmHe  (Heddle,  1878). 
Penwithite  (Collins,  1878). 
Perthite  (Heddle,  1883). 
Phlo^opite'r  (Heddle,  1878). 
Pickeringiu  (British  Museum). 
Picotite  (Bonnev,  1877). 
Picrolite  (Heddle,  1878). 
^^^montite  fDana,  1892). 
™ite  (Heddle,  1879). 
PJolite  (Heddle,  1879). 
^Jwniboaragonite  (Collie,  1889). 
^**»>hogummitf  (Dana,  1850). 
^^^mbonacrite  (Heddle,  1889). 
^"'yhaite  (Joy,  1860). 
£^l^lite  (Forbes,  1867). 
P**Uit€  (Thomson,  1840). 
'''■^^olithionite  (Sandberger,  1885). 

•  —  On    Akborescbnt    Carboniferous    Limestone    from    near 
Bristol.*     By  Horace  B.  Woodward,  F.K.S. 

A      SPECIMEIs  of  Carboniferous  Limestone  showing  arborescent 

^V.     markings  was   obtained  by   Mr.  Spencer  G.  Perceval   from 

-.jT^ntry  HiH,  near  Henbury,  Bristol,  and  was  presented  by  him  in 

.  ^^7  to  the  Museum  of  Practical  Geology.     The  rook  is  about  six 

)J)^be8  thick,  and  the  lower  half  is  a  current-bedded  oolitic  limestone. 

*^e  upper  half  comprises  banded  calcareous  mud  with  a  few  layers 

^^  oolitic  grains,  and  the  material  in  this  portion  of  the  rock  has 

^^en  disturbed,  the  layers  having  been  bent;   while  the  hollows 

'  Read  before  Sect.  C  (Geology),  Britiah  Association,  Bristol  Meeting,  Sept.  1898. 


PnmttiU  (Brititli  Musenm). 
Pseudo-hyperstbene,  etc.  (Heddle,  1878). 
Psendophite  (Heddle,  1879). 
Pyroaurite  (Heddle,  1878). 
FifrophyUite  (Foster,  1876). 
Pyrosclerite  (Heddle,  1879). 
Beichite  (Breithaupt,  1865). 
Bestormelite  (Church,  1870). 
Rhabdophane  (Lettsom,  1878). 
Rieheekite  (Harker,  1888). 
Rock  silk,  etc.  (Heddle,  1879). 
Rnbislite  (Heddle,  1879). 
Sanidine. 

Scapolite  (Ormerod,  1869). 
Schranfite  ?  (Thomson,  1887). 
SchrotUHte  (Dana,  1868). 
Sennrmontite  (Davies,  1867). 
Sericite. 

SpangoHte  (Miers,  1893). 
Spessartite  (Heddle,  1878). 
Stepkanite  (Dayies,  1866). 
Tallingite  (Church.  1866). 
TavUtockite  {Q\i\xic\  1865). 
Thorite  (Heddle,  1883). 
Tobermorite  (Heddle,  1880). 
Totaigite-  (Heddle,  1878). 
Tridymite  (Lasaulx,  1876). 
r«ryi^«»  (Heddle,  1882). 
Tyreeite  (Heddle,  1881). 
ITigite  (Heddle,  1856). 
Uralite. 

Valentinite  {\U\\,  1868). 
Vanqmlinite  (Davies,  1877). 
Verniiculit*  (Parke,  1877). 
VoUzite  (Dana,  1868). 
Walkerite  (Heddle,  1880). 
Waringtonite  (Maskelyne,  1864). 
Wicklowite  (D*Achiardi,  1883). 
Willemite  (Glen  &  Young.  1876). 
Wittichenite  't  (Collins,  1871). 
Woodwardite  (Church,  1866). 
Xantholite  (Heddle,  1879). 
XanthoisicUrite  (Haughtou,  1866). 
Xouotlite  (Heddle,  1882). 
Zeunerite  (Weisbacb,  1872). 
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between  the  ourves  are  partially  eroded  and  filled  with  irregular 
detrilal  material  oontaiDing  oolitic  grains. 

The  surface  of  the  block  presents  an  irregular  concretionary 
structure,  resembling  that  seen  on  many  varieties  of  Gotham  Marble ; 
but  it  is  not  so  pronounced  as  in  some  of  the  mammillated  surfaces 
seen  in  that  rock. 

The  appearances  are  probably  due  to  mechanical  disarrangement  of 
the  upper  layers  produced  prior  to  and  during  the  consolidation  of 
the  rock,  and  they  suggest  a  pause  in  the  deposition  of  sediment. 

It  is  noteworthy  that  the  darker  bands  which  produce  the 
arborescent  markings  stand  out  slightly  in  relief  on  the  weathered 
face  of  the  block  of  Carboniferous  Limestone.  This  is  also  the  case 
with  an  example  of  Cotham  Marble  which  I  lately  obtained  on  the 
South  Wales  Direct  Bail  way  at  Stoke  Gifford. 

A  small  specimen  of  Carboniferous  Limestone  from  Back  well, 
near  Nailsea,  given  to  me  by  Mr.  W.  H.  Wickes,  shows  indications 
of  arborescent  markings.  [Further  references  to  the  subject  are 
given  in  the  Geol.  Mao.,  Dec.  Ill,  Vol.  IX,  1892,  p.  110,  and  in 
"  The  Jurassic  Bocks  of  Britain,"  Mem.  Geol.  Surv.,  vol.  v,  p.  230  ; 
see  also  B.  Thompson,  Quart.  Joum.  Geol.  Soc,  vol.  l  (1894),  p.  393.] 


VI. — The  Building  of  Clipton  Books.     By  E.  Wether ed,  F.G.S.* 

IN  this  paper  the  author  confines  his  remarks  chiefly  to  the 
microscopic  life  which  he  has  discovered  in  the  Carboniferous 
Limestone  rocks  at  Clifton.  He  contends  that  microscopic  calcareous 
organisms  have  been  the  chief  contributors  to  the  vast  deposits  in  the 
Carboniferous  sea,  now  represented  by  the  cliffs  on  either  side  of  the 
gorge  of  the  Avon  at  Clifton. 

Broadly  speaking,  there  were  three  stages  in  the  formation  of 
this  limestone.  Tliese  were  regulated  by  physical  conditions,  and 
favoured  the  existence  of  certain  forms  of  life.  The  fossil  remains 
now  denote  the  stages.     They  are  as  follows : — 

Approximate  Thickness. 
Stage  1.  Lower  Limestones  (inclading  the  Lower 
Limestone  shales,  500  feet,  and  Black  Bock 

series,  470  feet)        990  feet. 

Stage  2.  Middle  Limestone         1,620    ,, 

Stage  3.  Upper  Limestone  100   ,, 

The  close  of  the  Old 'Bed  Sandstone  period  is  marked  by  variegated 
sandstones  and  shales,  lliese  beds  pass  into  limestones  and  shales, 
and  these  again  are  followed  by  massive  limestones  locally  known 
as  the  Black  Rock ;  the  whole  representing  the  Lower  Limestones, 
or  Stage  1. 

During  this  stage  encrinites  were  so  numerous  in  the  waters  that 
the  ossicles  of  these  creatures  are  a  distinguishing  feature  of  the 
limestones.  Vast  numbers  of  ostracoda  at  times  lived,  and  some 
beds  of  the  limestone  are  chiefly  accumulations  of  the  remains  of 
these  small  crustaceans.  Monticulipora  corals  and  polyzoa  were 
numerous  in  the  waters,  and  also  mollusca. 

1  Bead  before  Sect.  C  (Geology),  British  Association,  Bristol  Meeting,  Sept.  1898. 


Noiieea  of  MemoirB^^J.  22.  Dakyna — Fehitic  Lava.        79 

Another  interesting  featnre,  not  before  notioed  in  the  Lower 
Limestones,  is  the  mass  of  incrusting  organisms.  These  organisms 
formed  a  orust  around  the  fragmental  remains  of  other  bodies 
which  collected  on  the  sea-floor,  and  to  suoh  an  extent  did  this 
process  go  on  that  the  incrusting  organisms  contribute  considerably 
to  the  building  up  of  some  beds  of  limestone.  Whether  these  crusts 
are  to  be  attributed  to  animal  or  vegetable  growth  is  a  matter 
of  doubt 

The  crinoidal  life  reached  a  climax  during  the  time  that  the  Black 
Rock  Limestone  was  in  process  of  formation.  Indeed,  this  rook 
is,  in  the  main,  a  Tast  accumulation  of  the  ossicles  of  these  "  stone- 
lilies."  associated  with  shells  of  moUusca,  fish  remains,  etc. 

The  Black  Rock  series  terminate  in  dolomitized  limestone,  and  on 
this  rest  the  '  Gully  Oolites.' 

The  Lower  Limestones  terminate  at  these  oolites,  in  which  occur, 
though  sparingly,  foraminifera  and  the  minute  spherical  object 
Caleisph^m-a,  This  latter  body  averages  about  '012  of  an  inch  in 
diameter,  but,  small  as  it  is,  the  calcareous  sphere  has  been  an 
important  contributor  to  the  building  of  the  rooks. 

As  Cahisphara  is  confined  to  the  Carboniferous  Limestone,  and  is 
so  numerous  that  it  is  seldom  a  thin  section  of  the  rock  is  obtained 
without  finding  it,  the  organism  is  useful  in  determining  the  strata 
when  doubtful.  So  far,  the  author  has  not  found  Cahisphara  in  the 
Lower  Limestones,  and  the  same  remark  applies  to  foraminifera. 

Above  the  horizon  of  the  Gully  Oolite  the  lower  beds  of  the 
Middle  Limestone  are  characterized  by  the  occurrence  of  the  curious 
organism  Mitcheldeania.  but  it  is  not  confined  to  this  horizon. 

Next  follow  limestones  and  calcareous  shales  full  of  the  remains  of 
little  understood  forms  of  microscopic  life,  which  must  have  existed 
in  great  profusion. 

As  before  remarked,  the  Middle  Limestones  are  characterized  by 
foraminifera  and  Calcisphara.  At  first  these  occur  sparingly,  but 
later  on  the  rock  is  little  more  than  a  Carboniferous  foraminiferal 
ooze.  Remains  of  corals  occur  and  other  well-known  fossils,  but  the 
bulk  of  the  1,600  feet  of  limestone  included  in  the  Middle  Series  is 
in  the  main  a  vast  calcareous  deposit  of  the  remains  of  microscopic 
life  which  lived  in  the  Carboniferous  waters. 

Owing  to  the  Upper  Limestones  being  so  built  over,  the  author  is 
at  present  not  in  a  position  to  describe  the  microscopic  life  which  the 
strata  probably  contain  associated  with  larger  organisms. 


VIL — On   the   pkobablb   Source   of   the  Upper  Felsitio   Lava 

OF  Snowdon.*     By  J.  R.  Daktns,  M.A. 

BETWEEN  Glaslyn  and  Bwlch  Goch,  as  the  lowest  part  of  the 
ridge  between  Crib  Goch  and  the  top  of  Crib  y  Ddysgl  is 
called,  a  mass  of  felstoue  rises  like  a  wall  through  the  beds  of  the 
calcareous  ai^hy  series.  The  trend  of  the  dyke  is  E.N.E.  The  best 
section  is  along  the  N.W.  face,  where  the  felstone  is  clearly  seen 
standing  as  a  wall  against  the  truncated  edges  of  the  calcareous 

1  Bead  before  Sect.  C  (Geology),  British  Association,  Bristol  Meeting,  Sept  1898. 
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ashy  beds.  The  felstone  shows  lines  of  flow  parallel  to  its  side,  and 
in  some  places  is  rudely  oolumnar,  the  axes  of  the  prisms  being 
perpendicular  to  the  side  of  the  dyke.  It  is  owing  to  this  arrange- 
ment of  the  columns,  and  of  the  lines  of  flow,  that  I  consider  the 
rock  to  be  a  dyke.  I  call  it  a  dyke  because  of  the  straightness  of 
its  sides;  but  it  is  rather  a  boss  than  a  dyke,  as,  while  it  is  two 
hundred  yards  wide,  it  is  only  about  three  or  four  hundred  yards 
long.  The  rock  is  not  like  any  of  the  lower  Snowdonian  felsites 
occurring  in  the  immediate  neighbourhood,  but  it  is  decidedly  like 
the  upper  felstone,  which  forms  outliers  on  Crib  Goch  and  Crib  y 
Ddysgl.  It  seems  to  me  that  we  have  here  the  source  of  the  upper 
felsitic  lava  of  the  Snowdon  district.  The  boss  is  a  plug  of  rock 
consolidated  in  and  filling  up  the  orifice  through  which  the  upper 
lava  flowed  to  the  surface. 

VIII. — On  Worked  Flints  from  Glacial  Deposits  of  Chrshtrk 
AND  THE  Isle  of  Man.*  By  J.  Lomas,  A.R.C.S.,  F.G.S., 
Pres.  liiverpool  Geol.  Soc. 

FLINTS  are  not  common  in  the  glacial  deposits  of  N.W.  England. 
In  one  or  two  places  in  the  Wirral,  however,  and  in  the  Isle 
of  Man,  they  are  fairly  plentiful.  Sometimes  they  occur  in  the 
Boulder-clay,  but  more  frequently  in  Glacial  Sands  and  Gravels. 
Some  of  the  flints  collected  in  these  localities  show  undoubted  signs 
of  human  workmanship. 

Prenton,  Birkenhead, — The  flints  exhibited  were  collected  from 
a  recent  excavation  near  Mount  House.  Soft  Bunter  is  seen  on  the 
south  and  west  faces  overlain  by  glacial  sands.  Between  the  two  lies 
a  bed  of  gravel  containing  small  Lake  District  and  Scotch  erratics 
up  to  six  inches  in  diameter,  along  with  broken  Triapsic  rocks,  clay 
galls,  and  marine  shells.  In  this  gravel  most  of  the  flints  have  been 
found.  Others  occur  in  the  overlying  sand,  which  also  contains 
erratics  and  shell  fragments.  Similar  sand  occurs  at  many  places 
in  the  immediate  neighbourhood,  and  is  usually  overlain  by 
Boulder-clay. 

Spital  Sandpit,  —  False-bedded  clean  sand  is  seen,  containing 
gravel  and  rolled  clay  galls,  overlain  by  tough  Boulder-clay.  The 
flints  occur  both  in  the  gravel  and  Boulder-clay. 

Capenhurst, — Flints  collected  from  gravel  bands  and  clay  in  old 
sandpit  opposite  church. 

MolUngton,  near  Chester, — The  large  sandpit,  near  high  road, 
contains  very  little  gravel,  and  the  flints  mostly  occur  in  the 
Boultler-clay  which  caps  the  section. 

Cliffs  north  of  Ramsey,  Isle  of  Man. — Glacial  deposits  in  north  of 
island  well  exposed  in  the  fine  cliffs  which  extend  from  Ramsey 
almost  to  the  Point  of  Ayre.  Near  Hamsey,  sands  and  gravels 
predominate,  and  these  get  successively  more  and  more  clayey 
towards  the  north. 

In  collecting  the  flints  I  took  great  care  to  separate  those  found  in 
the  talus  slopes  from  those  actually  in  the  clays  and  gravels.     ITie 
^I'nts  are  exhibited  and  speak  for  themselves. 

^  Bead  before  Sect,  C  (Geology),  Briiiah  Asaodatvou, Bnstol  Meeting,  Sept.  1898. 
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L— Fossil  Medusjb.  By  Chablbs  Doolittle  Waloott,  F.G.S. 
Monographs  of  the  United  States  Geological  Survey,  Vol.  XXX. 
4to;  pp.  201,  pis.  48,  figures  in  text  26.     (Washington,  1898.) 

THE  main  interest  and  importance  of  this  Monograph  on  Fosftil 
Medusse  depend  on  the  descriptions  given  of  some  peculiar 
bodies,  regarded  by  Professor  Walcott  as  casts  of  Discomedusas, 
which  occur  in  considerable  numbers  in  shales,  of  Middle  Cambrian 
age,  in  the  Coosa  Yalley,  Alabama.  These  bodies  are  found  in 
intimate  association  with  siliceous  nodules,  sometimes  apparently 
ooDstituting  the  entire  nodule,  at  others  in  solid  projecting  relief  on 
the  outer  surface,  and  also  entirely  enclosed  and  surrounded  by  the 
mineral  constituents  of  the  nodule. 

The  semi-cherty  nodules,  or  star-cobbles  as  they  have  been  termed, 
in  allusion  to  their  radiately  lobed  forms,  which  suggest  a  ruile 
resemblance  to  starfishes  or  sea-urchins,  occur  as  narrow  bands 
in  the  finely  laminated  shales ;  and  they  weather  out  on  the  surface 
and  in  the  drainage  channels  of  the  district  in  such  abundance  tliat 
9.000  specimens  were  collected  for  study  by  the  United  States 
Geological  Survey,  but  only  about  one-fourth  of  these  show  the 
presumed  medussB,  and  many  seem  to  have  been  formed  inde- 
pendently of  the  presence  of  any  organisms.  Other  nodules, 
however,  contain  fragments  of  the  characteristic  fossils  occurring  in 
the  shales,  such  as  brachiopods,  trilobites,  and  in  a  few  instances 
casts  of  hexactinellid  sponge  spicules  ;  the  trilobite  tests  are  now 
replaced  by  crystals  of  quartz.  Further,  the  nodules  are  traversed 
in  all  directions  by  fine  annelid  borings,  which  penetrate  the  matrix 
and  medusas  casts  equally. 

The  medusoid  nodules  have  been  carefully  examined  micro- 
scopically and  chemically.  Professor  Iddings  reports  that  they 
consist  of  a  mixture  of  granular  quartz  in  allotriomorphio  grains, 
occasional  flakes  of  muscovite  mica,  and  a  small  amount  of  caluite, 
gas  pores,  and  colouring  matter,  probably  carbonaceous.  Dr.  Hayes 
states  that  thin  sections  under  low  microscopic  powers  show  a  close 
resemblance  to  ordinary  cherts.  They  have  a  finely  mottled-grey 
Appearance  in  polarized  light,  the  extinction  being  similar  to  that  of 
cryptocrystalline  or  chalcedonic  silica.  The  chief  diflferences  between 
the  nodules  and  ordinary  chert,  when  seen  under  a  magnification  of 
100  diameters,  are  the  presence  in  the  former  of  mica  flakes,  in 
'Dore  or  less  abundance,  and  the  absence  of  rhombohedral  cavities, 
Qsually  found  in  the  chert  concretions  formed  in  a  calcareous  matrix, 
^ttt  umler  a  power  of  400  diameters  Dr.  Hayes  found  a  marked 
^ifitinction  between  the  nodules  and  chert ;  the  former  seemed  to  bo 
almost  wholly  composed  of  two  kinds  of  extremely  fine  grains  with 
suarply  defined  outlines.  One  kind  is  original  detrital  quartz,  the 
°^her  a  hydrous  silicate  of  alu/nina  or  clay.  If  amoY\>\\o\\ft  fe\\\v:«» 
i^iCAifB  jr. — roL.   ri. — \o.  it.  ^ 
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be  present  at  all,  it  is  inoonsiderable  in  amount.  No  ooncentrio 
Rtructure  is  to  be  seen  in  the  nodules,  but  some  show  lamination 
marked  by  parallel  mica  scales,  as  if  the  nodule  were  produced  by 
a  Kilicification  of  a  portion  of  the  stratified  mud  or  shale.  A  chemical 
analysis  of  a  portion  of  a  nodule  within  the  body  of  a  medusa  showed 
8S  33  per  cent  of  silica,  nearly  4  per  cent,  of  oalcite,  and  4  per  cent, 
of  alumina;  whilst  the  shale  in  which  the  nodules  are  imbedded 
onsists  of  55  per  cent,  of  silica,  21  per  cent,  alumina,  and  under 
2  per  cent,  calcite. 

The  bodies  described  as  silicified  medusae  are  very  varied  in  form  ; 
so  much  is  this  the  case  that  it  is  difficult  to  find  any  two  alike. 
I'hose  placed  under  the  genus  Brooksella  are  for  the  most  part 
discoidal  or  cake-shaped  bodies  from  1  to  5  cm.  in  diameter,  with 
a  depressed  convex  upper  surface,  consisting  of  a  number  of  lobate 
armn  or  rays  extending  from  a  common  rounded  central  area.  These 
lobes  are  considered  to  be  the  umbrella  of  the  jelly-fish  ;  there  are 
from  six  to  more  than  twenty  of  them  in  different  individuals;  some 
are  narrow,  subcylindrical,  and  terminate  obtusely,  whilst  others  are 
expanded  or  club-shaped  distally.  On  the  under  surface  of  these 
bodies  there  is  another  series  of  arms,  proceeding,  like  those  of  the 
upper  surface,  from  the  central  area  or  axis,  which  are  regarded  as 
the  lobes  of  the  sub-umbrella ;  and,  further,  in  some  specimens, 
between  the  upper  and  under  series,  there  is  yet  another  set  of 
lobes,  attached  to  the  central  axis,  belonging  to  the  inter- umbrella. 
This  peculiar  combination  of  lobate  arms  **  results  in  a  very  complex 
stnictnre,  and  instead  of  a  simple  symmetrical  medusa,  an  irregularly 
lobed  body  results,  with  round  appendage-like  lobes  projecting  .out 
in  various  directions  from  the  central  disk  or  axis."  In  each  lobate 
arm  of  these  different  series  a  simple  radial  canal  extended,  and 
opened  into  the  central  axis  which  is  believed  to  represent  the  central 
stomach  of  the  organism.  Judging  from  the  figures,  these  radial  canals 
arc  often  shown  as  small  circular  openings  at  the  distal  extremity 
of  the  lobes,  or,  when  exposed  in  section,  as  narrow  infilled  tubes 
of  a  different  coloration  in  their  axial  line,  and  they  are  very 
similar  in  appearance  to  the  canals  of  fossil  sponges  when  infilled 
with  silica.  No  trace  of  an  oral  opening  has  been  noticed  in  these 
bodies,  and  in  only  one  specimen  an  oral  plate,  formed  by  the  union 
of  four  arms  at  the  centre,  has  been  recognized.  Tentacles  are 
unknown. 

In  a  second  genus,  Laottra,  there  is  a  still  more  complex  develop- 
ment of  lobate  arms,  and  in  some  compound  forms  three  radiate 
centres  appear  to  be  present,  and  the  lobate  arms  from  each  inter- 
communicate with  one  another. 

Assuming  that  these  peculiar  bodies  are  fossil  medusae,  the 
question  naturally  arises  as  to  the  mode  in  which  they  can  have 
been  preserved,  so  that  not  only  the  numerous  lobate  arms  and 
appendages,  but  even  the  axial  canals  within  them,  retain  their 
original  form  as  solid  casts  in  silica,  llie  author  fully  recognizes 
that,  according  to  present  opinion,  such  delicate  organisms  can  only 
have  been  preserved  as  fossils  by  faint  impressions  in  fine  calcareous 
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mad,  sanilfltone,  or  shale ;  but  he  is  very  firmly  convinced  that  these 

nlioified  bodies  are  the  casts  of  medassd,  and  explains  their  present 

condition  by  supposing  that,  like  the  recent  Polyclonia  frondosa  of 

the  West  Indian  seas,  the  organism  lived  on  a  muddy  bottom,  with 

the  dorsal  surface  of  the  umbrella — disk  downwards  and  the  tentacles 

tamed  upwards ;  and  thus,  under  favourable  conditions  of  burial  by 

t  rapid  deposition  of  sediment,  the  watery  contents  of  the  medusa 

would  be  sufficiently  retained  so  as  to  avoid  a  collapse,  whilst  the 

lediment  penetrated  into  the  interior  and  had  time  to  harden.     In 

the  case  of  forms  showing  the  canals  the  author  considers  *'  that 

these  and  the  other  internal  cavities  of  the  organism  were  filled  at 

once,  to  a  greater  or  less  extent,  by  the  soft  siliceous  ooze  or  mud. 

As  the  animal  matter  decomposed,  the  ooze  gradually  took  its  place, 

and  then  began  the  silicification  of  the  se<liment  that  resulted  in  the 

formation  of  the  cast  of  the  medusa,  and  of  the  nodules  by  the 

extension  of  the  silicification  into  the  surrounding  sediment." 

These  "  silicified  medusas"  are  so  full}'  described  and  illustrated 
in  the  monograph  that  palaaontologists  will  be  enabled  to  form  their 
own  opinion  upon  them.  Many  of  this  sceptical  race,  particularly 
those  who  have  picked  their  way  on  a  sandy  shore  strewn  over  with 
the  unsubstantial  bodies  of  jelly-fishes,  will  probably  hesitate  in 
accepting  these  solid  forms  as  medussd.  llie  author  states  that  he 
has  considered  the  alternative  question  whether  these  peculiar  bodies 
may  not  have  been  siliceous  sponges,  but  the  absence  of  spicules 
Iq  a  large  number  of  microscopic  sections  examined,  and  the  fiict  that 
some  of  the  forms  occur  as  compressed  filmu  in  the  shale,  led  him  to 
reject  this  view  of  their  origin. 

In  the  same  family  with  the  Middle  Cambrian  forms,  Professor 
Walcott  also  places  the  Daclijloidites  asteroides,  Fitch,  sp.,  whiuh 
occars  as  dark  stains  in  the  slates  of  Lower  Cambrian  age  in 
Eastern  New  York.  This  fossil  was  originally  described  as  a  marine 
alga,  but  the  author  regards  it  as  the  body  of  a  medusan  flattened  in 
the  slate,  and  not  the  cast  of  the  interior. 

With  respect  to  the  fossil  medusae  from  the  Lower  Cambrian 
of  Sweden,  we  think  that  the  impression  of  MednsUes  LIndstrOmi 
fif^red  by  Dr.  Nathorst  in  **  Sveriges  Geologi  "  and  rei)rodiiced  in 
this  monograph,  fully  establishes  the  existence  of  medusae  on  this 
horizon. 

Following  the  description  of  the  Palaeozoic  medus?©,  the  author 
refers  to  those  from  the  Jurassic  strata  of  Bavaria,  and  then  notices 
those  reported  to  occur  in  flint  nodules  from  the  Chalk  of  Europe. 
A  collection  of  these  latter  from  the  Natural  Histoty  Museum  of 
Hamburg  proved  on  examination  to  belong  to  sponges,  as  had 
indeed  been  suspected  by  Dr.  Qottsche,  and  not  improbably  other 
reputed  medusse  in  flint  will  be  found  to  have  a  similar  origin. 

The  admirable  series  of  plates  which  accompanies  and  illustrates 
the  text  of  Mr.  Walcott*8  Monograph  greatly  facilitates  the  under- 
standing of  the  author's  views  in  regard  to  the  remarkable  bodies  he 
has  BO  minutely  and  carefully  described.  G.  J.  U. 
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II. — The  Pbinoiples  of  Stratigraphtoal  Geology.  By  J.  E. 
Marr,  M.A.,  F.R.S.  8vo;  pp.  304.  (Cambridge:  at  the 
University  Press.     Price  6«.) 

11HE  object  of  the  present  work  is  to  give  **  some  idea  of  the 
methods  and  scope  of  Stratigraphical  Geology " ;  and  the  task 
of  the  Stratigraphical  Geologist,  as  the  author  clearly  states  it,  is 
''  to  record  the  events  which  have  occurred  during  the  existence  of 
the  earth  in  the  order  in  which  they  have  taken  place."  The 
subject  is  confined  within  tolerably  strict  limits,  and  it  is  treated 
solely  in  its  scientific  aspect:  we  have  no  digressions  on  the  form 
of  the  ground,  and  no  references  to  the  economic  applications  of 
stratigraphical  knowledge.  The  nature  of  stratified  rocks,  the  means 
by  wiiich  the  order  of  succession  is  established,  the  method  of 
formation  of  the  strata,  the  general  conditions  of  each  period,  and 
the  correlation  of  the  groups  of  strata,  are  the  chief  matters  dis- 
cussed ;  and  they  are  introduced  in  orderly  succession  after  a  short 
account  of  the  growth  and  progress  of  stratigraphical  geology. 

The  Cambridge  School  has  acquired  a  deserved  name  for  cautionary 
teaching,  and  the  author  very  fully  places  before  his  readers  many 
considerations  that  should  be  weighed  before  coming  to  definite 
conclusions.  In  a  useful  chapter  on  ''Simulation  of  Structures," 
he  draws  special  attention  to  pseudo-organisms,  false  ripple-marks, 
diverge  parallel  structures,  and  crush-conglomerates  or  (as  he  prefera 
to  call  them)  fault-conglomerates ;  and  when  the  student  comes  to 
deal  with  our  stratified  formations,  with  classification  and  correlation, 
he  will  find  more  than  enough  of  vexed  questions  over  which  to 
ponder. 

One  of  the  earliest  of  geological  lessons  is  that  all  kinds  of 
sediment  are  being  laid  down  in  various  aqueous  areas,  from  coarse 
detritus  to  deep-sea  ooze,  and  that  at  the  present  day  there  is 
a  gradual  change  in  the  character  of  the  fauna  which  exists  at 
various  depths  and  at  varying  distances  from  the  sea-margins. 
When  we  come  to  the  stratified  formations  which  constitute  the 
bulk  of  the  land  on  which  we  live,  we  learn  that  in  those  typical 
localities  which  first  gave  name  to  the  formations  only  limited 
poll  ions  of  the  sea-bed  of  the  period  can  there  be  represented. 
Such  names  as  Wenlock  Shale,  Inferior  Oolite,  Oxford  Clay,  Lower 
Greensand,  and  London  Clay  indicate  the  lithological  character  of 
formations  at  so-called  typical  localities.  Subsequent  study  has 
shown  the  presence  on  the  same  general  horizon  of  strata  of  quite 
different  lithological  characters,  and  different  local  subdivisions  with 
local  names  have  come  to  be  applied,  such  as  the  Denbighshire 
Grits,  the  Lincolnshire  Limestone  and  Northampton  Sands,  the 
Spilsby  Sandstone,  Teal  by  Clay,  etc.  From  such  local  phenomena 
the  geologist  may  seek  to  push  his  inquiries  into  the  wide  world 
and  study  the  general  sequence  of  events,  and  he  then  requires 
chronological  terms  of  broad  significance. 

It  is  now  that  the  student  has  to  face  many  and  diflScult  problems 
which  are  fairly  and  as  fully  as  possible  stated  by  the  author. 
AN'hile  each  great  group  of  strata  has  a  series  of  characteristic  fobsils, 
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their  dUtribation  in  time  and  spaoe  varies  greatly  in  most  cases. 

We  have  to  bear  in  mind  that  the  organic  remains  to  be  found  in 

limestones,  dajs,  and  sands  of  the  same  age  will  differ  in  a  marked 

degree.     Nevertheless,  there  are  to  be  found  certain  widely  diffused 

forms — trilobites,  graptolites,  braohiopods,  belemnites,  ammonites, 

sod  others — which  serve  to  act  as  indices  of  age.     Species  of  some 

of  these  fossils  have  been  found  to  occur  in  definite  sequence,  as 

definite  as  the  sequence  of  strata,  but  irrespective  of  the  kinds  of 

lediment.     Consequently  there  have  been  established  certain  'zones* 

which  are  characterized  either  by  one  or  more  particular  species  or 

by  assemblages  of  fossils.    They  are  clearl}'  palseontological  horizons, 

^r  they  are  not  lithological  divisions  of  the  strata.    In  a  conformable 

•eries  no  one  knows  the  precise  limits  of  range  of  any  one  species. 

In  useful  diagrams  given  by  the  author  (p.  62),  he  shows  how  each 

ipectes  may  have  a  varied  range  in  time  in  a  formation  or  series  of 

•tmta.     No  doubt  each  species  has  its  definite  chronological  and 

geographical  limits,  although  we  can  never  know  exactly  what  these 

are.    The  author  remarks  that,  '*  strictly  speaking,  the  term  zone 

(a  belt  or  girdle),  when  applied  to  distribution  of  fossils,  should 

lefer  to  the  belt  of  strata  through  which  a  fossil  or  group  of  fossils 

ruiges."     We  do  not  quite  agree  with  the  author  in  this  definition. 

Zones  of  course  must  be  identified  by  fossils  and  not  by  the  strata ; 

and  therefore  they  serve  to  indicate  periods  of  time  rather  than 

masses  of  sediment     We  could  hardly  speak  of  a  zone  which  is 

represented  partly  in  Upper  Qreensand,  partly  in  Red  Chalk,  and 

partly  in  Gault  Clay  as  forming  a  belt  of  strata.     A  zone  may  be 

represented,  as   the  author  points  out,  in  strata  8  inches  thick  or 

5,000  feet  thick ;  but  the  true  belts  of  strata  are  such  as  he  well 

represents  in  his  diagram,  p.  175,  and  we  wish  he  had  given  more 

of  these  stratigraphical  figures. 

The  author  devotes  a  brief  chapter  to  geological  maps  and 
sections,  and  points  out  the  great  advantage  of  drawing  longitudinal 
sections  to  a  true  scale.  In  addition  to  the  ordinary  geological 
maps  which  depict  the  stony  structure  of  the  country,  he  would  like 
to  have  also  a  set  of  chronological  maps  founded  on  the  sequence  of 
fossil  organisms.  We  wonder  who  could  construct  such  zonal  maps. 
It  is  possible  that  over  small  areas,  by  aid  of  numerous  excavations 
and  long-continued  fossil-collecting,  something  might  be  done  to 
indicate  in  a  rough  way  the  palasoutological  divisions.  We  should 
like  the  author  to  map  (irrespective  of  any  lithological  aid)  the 
Upper  Cretaceous  subdivisions — the  Albian,  Cenomanian,  Turonian, 
and  Seuonian,  to  use  the  chronological  terms  which  are  sometimes 
employed.  We  doubt,  indeed,  if  any  field-geologist  would  find  these 
terms  so  useful  on  the  ground  in  this  country  as  Gault  and  Upper 
Greensand,  Lower,  Middle,  and  Upper  Chalk. 

The  author  very  properly  points  out  that  "  The  establishment 
of  a  classification  on  paiteontological  lines  by  no  means  does  away 
with  the  necessity  for  local  classifications  on  a  lithological  basis." 
Each  country  is  apt  to  frame  its  local  classification  on  stratigraphical 
and    lithological    grounds,   hence   when    local    terms    from    other 
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countries  are  introduced  their  true  meaning  is  altered  and  confusion 
arises.  Such  has  been  tlie  case  with  terms  like  Cenomanian, 
Portlandian,  Eimeridgian,  and  Callovian.  The  term  Portlandian 
sliould  only  be  used  for  the  period  represented  by  the  Portland 
Beds  of  Portland,  the  Callovian  for  the  period  represented  by  the 
K  ell  a  ways  Beds  of  Eellaways,  and  so  on. 

The  student  who  peruses  Mr.  Marr's  handy  book  will  be  prepared  to 
encounter  numerous  difficulties,  but  his  path  will  have  been  smoothed 
by  the  many  useful  explanations  and  suggestions,  and  he  will  be 
prepared  to  weigh  the  possibilities  and  probabilities  before  coming 
to  definite  conclusions.  After  all,  the  chief  difficulties  which  beset 
the  student  are  not  in  the  folds  and  overthrust  faults  which  locally 
interfere  with  the  true  sequence,  nor  in  the  determination  of  the 
method  of  origin  of  the  strata,  nor  even  in  the  correlation  of 
formations  when  the  organic  remains  have  been  carefully  studied 
and  determined.  The  greatest  difficulties  are  in  the  identification  of 
species  amid  the  **  tangled  mazes  of  the  synonymy  " ;  and  the  best 
ciiance  of  doing  good  work  in  stratigraphical  geology  is  to  specialize 
on  formations  and  faunas,  aiding  local  research  by  a  study  of  what 
has  been  done  in  other  parts  of  the  world.  To  endeavour  to  do 
a  little  well  must  be  the  aim  of  all  students,  and  Mr.  Marr*s  work 
will  surely  aid  the  enthusiastic  inquirer  in  dealing  with  the  many 
problems  which  come  before  him. 


III.— Outlines  op  the  Earth's  History  :  A  Popular  Study  in 
Physiography.  By  N.  S.  Shaler,  Professor  of  Geology  in 
Harvard  University.  8vo;  pp.  iv,  417,  with  10  fuJI-page 
Illustrations  and  23  Figures  in  the  text.  (London :  W.  Heine- 
mann,  1898.) 

fPHE  object  of  this  book,  as  stated  in  the  preface,  "is  to  provide 
JL  the  beginner  in  the  study  of  the  earth's  history  with  a  general 
account  of  those  actions  which  can  be  readily  understood,  and  which 
will  afford  him  clear  understandings  as  to  the  nature  of  the  processes 
which  have  made  this  and  other  celestial  spheres."  The  treatment 
of  this  widely  embracing,  one  might  almost  say  boundless,  subject 
is  brought  within  the  compass  of  nine  chapters,  the  titles  of  which 
will  give  a  clue  to  their  contents.  The  first  is  an  introduction  to 
the  study  of  Nature,  followed  by  a  somewhat  abstrusely  historical, 
rather  than  practical,  account  of  the  ways  and  means  of  studying  it. 
The  succeeding  chapters  are  on  the  Stellar  Realm ;  the  Earth  ;  the 
Atmosphere ;  Glaciers ;  the  Work  of  Underground  Water ;  the  Soil ; 
and  lastly,  the  Rocks  and  their  Order.  Under  these  heads  very  good 
descriptions  are  given  of  the  most  important  natural  phenomena, 
and  they  are  principally  illustrated  by  examples  to  be  found  in 
North  America,  which,  though  less  likely  to  be  familiar  to  students 
in  this  country,  are  oftentimes  of  a  more  striking  and  representative 
character  than  instances  drawn  from  more  limited  areas.  To 
some  of  the  statements  given  exceptions  might  be  made  ;  for 
example,  that  the  floors  of  the  deeper  seas  are  plentifully  scattered 
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over  with  volcanio  oones!  A  novel  explanation  of  the  origin  of 
the  clayey  partings  or  division  planes  in  limestones  is,  that  tbey 
arise  from  the  action  of  earthquakes  which  result  in  shaking  up  the 
fine  silt  of  the  bottom  of  the  ocean  and  produce  a  mud  which  is 
fatal  to  the  breathing  organs  of  the  animals  living  on  the  sea-floor, 
and  consequently  the  materials  of  these  shaly  layers  are  mostly 
inorganic ! 

Though  Professor  Shaler's  work  is,  perhaps,  more  especially 
adapted  for  the  scientific  public  of  the  United  States,  it  nevertheleiis 
contains  much  that  deserves  the  attention  and  consideration  of 
geological  students  generally. 


IV. — A  Student's  Tkxtbook. 

An  Intkbmediate  Textbook  of  Geology.  By  Professor  Charles 
Lapwokth,  F.R.S.  Founded  on  the  **  Introductory  Textbook  of 
Geology  "  by  the  late  David  Page.  pp.  414,  with  174  Illustrations. 
(London  :   William  Blackwood  <&  Suns,  lb99.) 

ENGLISH  teachers  of  Geology  are  to  be  congratulated  upon  the 
issue  of  a  new  edition  of  Professor  Lapworth*s  revision  of 
Page's  **  Introductory  Textbook."  The  book  is  an  even  greater 
improvement  on  the  12th  edition  than  that  was  on  its  predecessors. 
The  new  issue  is  better  illustrated  ;  some  unfortunate  minprints  and 
errors  which  slipped  into  the  pages  of  the  1888  edition  have  been 
removed ;  the  palasontological  nomenclature  is  more  modern ;  and 
the  book  is  so  much  larger  that  it  well  deserves  its  new  title  of  an 
"Intermediate  Textbook  of  Geology."  The  work  as  it  now  stands 
is  essentially  a  British  student's  textl)ook,  and  for  students  after 
their  first  year's  course  it  seems  to  us  quite  iiidiMpennable. 

The  most  remarkable  feature  in  the  book  is  that  it  is  crowded  but 
clear.  The  information  is  very  condensed,  but  the  main  outlines 
are  graphic.  Professor  Lapworth  shows  his  unusual  power  of 
making  every  subject  appear  real  with  detail,  while  the  main  iihsi 
stands  out  with  the  clearness  of  a  diagram. 

The  account  of  British  geology  is  illustrated  by  a  series  of  new 
and  lucid  maps,  each  showing  the  range  of  one  system  and  the  areas 
of  early  and  later  formations.  The  stratigniphical  section  is 
naturally  the  best,  and  is  well  up  to  date.  Regarding  it  we  have 
only  one  regret.  Professor  Lapworth's  systematic  self-suppression. 
One  naturally  expects  to  learn  his  opinion  on  disputed  questions  ; 
and  as  a  rule  one  has  to  read  between  the  lines.  For  the  author 
is  careful  not  to  encourage  students  to  abandon  orthodox  beliefs  too 
readily,  and  his  own  opinions  have  to  be  guessed  from  the  insertion 
of  such  reserving  clauses  as  "  have  been  regarded,"  "  is  supposed 
to  have  been,"  or  "it  is  held  by  some."  Most  geologists  would 
probably  have  preferred  the  book  to  have  definitely  told  us  what 
Professor  Lapworth  himself  regards,  sup[K)8es,  or  holds  in  reference 
to  the  main  disputed  problems. 

A  feature  in  the  new  edition  which  is  especially  worthy  of  notice 
is  the  series  of  masterly  sketches  of   foreign  geology  ;    they  are 
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Bhort  and  up-to-date,  and  always  bring  oat  the  most  important 
points.  It  is  perhaps  a  pity  to  have  left  in  the  old  and  probably 
inytbical  idea  of  the  tropical  condition  of  Greenland  in  Miocene 
times. 

The  palsBontologioal  summaries  are  illustrated  by  many  figures, 
of  wbioh  the  new  ones  are  of  unusual  clearness  and  softness.  The 
legends  of  the  old  blocks  might  have  been  further  revised ;  for 
instance,  the  fossil  numbered  3  on  p.  339  is  certainly  not  even 
a  member  of  the  genus  to  which  it  is  referred.  It  is  possibly  not 
an  oversight  that  has  led  the  author  to  record  a  common  Silurian 
starfish  as  a  ProtanUr,  although  it  was  made  the  type  of  a  new  genus 
and  family,  Lapworihura  and  Lapworthuridaa.  A  misconception 
regarding  the  London  Clay  bird  Odontopteryx  may  be  noticed,  as  it 
i^  widespread :  the  bird  is  described  as  '*  dentigerous  or  toothed  "  ; 
the  latter  term  is  not  absolutely  incorrect,  as  it  is  not  unusual  to 
speak  of  prominences  on  a  beak  as  teeth,  but  "  dentigerous  '* 
certainly  suggests  that  the  bird  bad  true  teeth  like  the  American 
Odontornithes.  But  the  errors  of  this  sort  are  comparatively  trivial, 
and  a  certain  number  is  inevitable  in  a  book  so  full  of  information. 
The  new  textbook  may  be  confidently  recommended  to  teachers  for 
the  clearness  of  its  statement  of  leading  principles,  the  terseness  of 
its  summaries  of  facts,  and  its  graphic  sketch  of  British  geology. 


Qeolooioal  Sogibtt  or  London. 

L— December  21,   1898.— W.  Whitaker,   B.A.,   F.R.S.,  President, 

in  the  Chair. 

The  President  announced  that  Mr.  F.  W.  Farmer,  F.Q.S.,  had 
most  generously  oflFered  to  the  Society  the  manuscript  maps  of  the 
Drift  of  the  Eastern  Counties  made  by  the  late  Mr.  Searles  Wood,  jun., 
and  by  himself.  The  Council,  in  accepting  the  maps,  had  passed 
a  resolution  specially  thanking  Mr.  Harmer  for  the  gift,  and  the 
Fellows  were  now  asked  to  add  their  thanks  to  those  of  the  Council. 

The  following  communications  were  read  : — 

1.  "On  a  Megalosauroid  Jaw  from  lihsetic  Beds  near  Bridgend, 
Glamorganshire."  By  E.  T.  Newton,  Esq.,  F.R.S.,  F.G.S.  (Com- 
municated by  permission  of  the  Director-General  of  H.M.  Geological 

Survey.) 

The  specimen  which  forms  the  subject  of  the  present  communica- 
tion was  obtained  from  Mr.  John  David  of  Porthcawl,  from  a  mason, 
and  it  has  been  presented  to  the  Museum  of  Practical  Geology.  It 
was  derived  from  beds  low  down  in  the  lihastic  Series,  which  may 
eventually  have  to  be  included  in  the  upper  part  of  the  Keuper. 
The  lamellibranchs  on  the  same  slab  appear  to  be  PnUastra  arenicola 
and  possibly  Myophoria.  The  specimen  has  been  compared  with 
reptilian  jaws  in  the  British  Museum ;  it  consists  of  a  mould  of  the 
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dentary  bone  with  Beveral  teeth  in  plooe.  The  impression  of  the 
whole  of  the  inner  surface  and  of  the  anterior  half  of  the  outer 
Mirfaoe  is  preserved.  The  front  half  of  the  inner  surface  of  the  jaw 
is  like  that  of  Megaloaaurus,  except  in  size.  Many  of  the  teeth  are 
seen  in  various  stages  of  projection  from  their  sockets,  and  the  points 
of  two  successional  teeth  may  also  be  seen,  and  thus  the  mode  of 
luccession  of  the  teeth  may  be  clearly  understood.  The  specimen 
dues  not  admit  of  exact  comparison  with  Megalosaurua,  and  it  is 
named  as  a  new  species  of  Zanclodon — a  genus  in  which  the  author 
is  also  inclined  to  place  some  forms  described  under  the  names  of 
Palaoiaurus,  Cladyodon,  Aoalonia,  and  Piciodon. 

2.  "The  Torsion-Structure  of  the  Dolomites."  By  Maria  M. 
Oj^ilvie,  D.Sa  [Mrs.  Gordon].  (Communicated  by  Professor  W.  W. 
Watts,  M.A.,  Sec.  Q.S.) 

The  paper  opens  with  a  general  account  of  the  work  of  Eichthofen, 
Hojiisovics,  Bothpletz,  Salomon,  Brogger,  the  author,  and  others  on 
the  Dolomitic  area  of  Southern  Tyrol.     It  then  gives  the  results  of 
a  detailed  survey  recently  ma<1e  by  the  author  of  the  complicated 
itratigraphy  of  the  rocks  of  the  Groden  Pass,  the  Buchenstein  Valley, 
and  the  massives  of  Sella  and  Sett  Sass ;  together  with  tlie  author's 
interpretation  of  these  results,  and  her  application  of  that  inter- 
pretation to  the  explanation  of  the  Dolomite  region  in  general.    The 
author  concludes  that  overthrusts  and  faults  of  all  types  are  far  more 
common  in  the  Dolomites  than  has  hitherto  been  supposed.     The 
arrangement  of  these  faults  is  typically  a  torsioa-plienomenon,  the 
result  of  the  superposition  of  a  later  upon  an  earlier  strike.     This 
later  crust-movement  was  of  Middle  Tertiary  age,  and  one  with  the 
movement   which  gave  origin  to  the  well-known  Judicarian-Asta 
phenomena.     The  youngest  dykes  (and  also  the  granite-masses)  are 
of  Middle  Tertiary  age,  while  the  grtographical  position  of  both  is 
the  natural  effect  of  the  crust-torsion  itself.     This  crust-torsion  also 
fully  explains  the  peculiar  stratigrapliical  phenomena  in  the  Dolomite 
region,  such  as  the  present  isolation  of  the  mountain-massives  of 
Dolomitic  rock. 

llie  Griiilen  Pass  area,  first  selected  for  description  by  the  author, 
is  a  distorted  anticlinal  form  running  approximately  N.N.E.  and 
S.3.W.,  and  including  all  the  formations  ranging  from  the  Belle- 
ro/?Aoii- Limestone,  through  the  Alpine  MuRchelkalk  and  Buchenstein 
Beds,  to  the  top  of  the  Wengen  Series.  When  studied  in  section, 
the  strata  of  the  Pass  are  found  to  be  arranged  in  a  complex  fold 
form,  showing  a  central  anticlinal  with  lateral  wings,  limited  on 
opposite  sides  by  faults  and  flexures.  Strongly  marked  overthrusting 
to  S.S.E  in  the  northern  wing  is  responded  to  by  return  overthrusts 
to  N.N.W.  in  the  southern  wing.  The  strata  in  the  middle  limb  of  the 
anticlinal  wings  bend  steeply  downwards  into  knee-ben<l  flexures. 
Through  these  run  series  of  normal  and  reversed  faults,  into 
which  has  been  injected  a  network  of  igneous  rocks,  giving  rise  to 
'sbear-and -con tact'  breccias,  which  have  previously  been  grouped 
as  Buchenstein  tuff  and  agglomerates,  aud  referred  to  the  Triabsio 
period. 
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The  area  of  movement  of  the  Oroden  Pass  system  is  an  ellipsoid 
in  form.  Two  foci  occur  within  it,  where  the  effVcts  of  shear  and 
strain  have  culminated.  The  forces  of  compression  acted  not  in 
parallel  lines,  but  round  the  area,  thus  causing  torsion  of  the  earth- 
crust.  Two  main  faults  occur  (with  a  general  east-and-west  trend) 
whose  actual  lines  of  direction  intersect  at  a  point  about  midway 
between  the  foci  of  the  torsion-ellipsoid.  These  are  the  chief  strike 
torsion-faults ;  many  minor  ones  pass  out  easterly  and  westerly  from 
the  foci,  forming  longitudinal  or  strike  torsion-bundles.  Tlie  strike 
system  of  faults  is  cut  by  a  series  of  diagonal  or  transverse  curved 
branching  faults,  with  a  more  or  less  north-easterly  or  north- 
westerly direction.  I'hese  diagonal  faults  may  cut  each  other,  or 
may  combine  to  form  characteristic  torsion-curves.  The  autbor 
regards  the  longitudinal  and  diagonal  faults  as  constituting  one 
system.  Each  portion  on  one  side  of  the  anticlinal  form  of  the 
system  has  its  reciprocal  on  the  other  side.  The  Spitz  EoH  syncline 
on  the  north  is  the  reciprocal  of  that  of  Sella  on  the  south,  the 
Langkofl  on  the  south-west  of  that  of  Sass  Songe  on  the  north -east, 
and  so  on. 

The  anticlinal  area  of  the  Buchenstein  Valley  is  next  described. 
Here  we  have  a  torsion-system  similar  to  that  of  the  Groden  Pass, 
and  made  up  of  similar  elements;  but  the  western  portion  of  the 
anticlinal  is  much  compressed  and  displaced.  Opposing  areas  of 
depression  are  also  found  here,  that  of  Sella  and  Sett  Sass  on  the 
north  being  reciprocated  by  that  of  the  Marmolata  on  the  south,  and 
so  on.  The  porphyrite-sillb  have  here  been  mainly  injected  into  the 
knee-bends  of  the  northern  wing  of  the  anticlinal  form,  but  igneous 
injections  and  contact-phenomena  are  also  met  with  in  some  of  the 
transverse  faults. 

A  full  description  is  given  of  the  sequence  and  stratigraphy  in 
the  Sella  massive — once  regarded  by  some  authorities  as  a  Triassio 
coral-reef.  This  is  an  ellipsoidal  synclinal  area  with  N.N.E.  and 
S.S.W.  axes  twisted  to  north-east  and  south-west.  Peripheral  over- 
tiirusts  have  taken  place  outward  from  the  massive,  in  such  a  way 
as  to  buckle  up  the  rocks  like  a  broad-topped  fan -structure,  and  these 
overthrusts  are  traced  by  the  author  completely  round  the  massive. 
A  central  infold  of  Jurassic  strata  occurs  on  the  plateau,  where  the 
Upper  Trias  has  been  overthrust  inwards  on  three  sides  bf  the  infold. 
The  author  next  passes  in  review  the  results  obtained  in  the  areas 
of  Sett  Sass,  etc.,  and  shows  how  they  all  present  corresponding 
tectonic  phenomena. 

The  <listrict  thus  studied  in  detail  by  the  author  forms  a  typical 
unit  in  the  structural  features  of  the  Dolomite  region.  It  is  cut  off 
to  the  eastward  by  the  limiting  fault  (north-and-south)  of  Sasso  do 
Stria,  and  to  the  westward  by  the  parallel  fault  of  Sella  Jocb. 
These  are  definite  confines,  which  limit  a  four-sided  area,  influenced 
by  the  Qriiden  Pass  torsion-system  on  the  north  and  the  Buchensteiu 
Valley  system  on  the  south.  The  limits  of  this  four-sided  figure 
include  a  compound  area  of  depression  (formed  by  the  Sella  and 
Sett  Sass  synclinals)  traversed  by  the  diagonal  Campolungo  buckle. 
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"The  area  displays  in  a  marked  degree  the  phenomena  of  interference 
eroos- faults  cutting  a  series  of  peripheral  overthrusts  round  the 
lynolioes,  and  parallel  flexure- faults  between  the  anticlinal  buckles 
tad  the  synclinal  axes." 

In  conclusion,  the  author  applies  her  results  to  the  interpretation 
of  the  complexities  of  the  Judicarian-Asta  region  of  the  Dolomites 
in  general,  and  also  to  the  explanation  of  the  characteristic  structural 
forms  of  the  Alpine  system  as  a  whole. 


IL— January  4,  18^9.  — W.  Whitaker,  B.A.,  F.R.S.,  President, 

in  the  Chair. 

Captain  A.  W.  Stiffe,  in  exhibiting  a  fossil  Cardtum  (?)  from  the 
beach  at  the  foot  of  the  cliffs  of  Ormara  (Makran  Coast),  made  the 
foliowiug  remarks: — '*Tiie  specimen  on  the  table  has  been  kindly 
lent  to   me   by    Mr.   Flinch,   Director  of    the   Government   Indo- 
European  Telegraphs.     The  peninsula  of  Ormara,  whence  the  shell 
comes,  is  composed  of  a  mass  of  flat-topped  hills  about  10  miles  in 
length;  it  is  about  1,200  feet  high  at  its  western  end,  sloping  down 
to  at)out  400  feet  at  its  eastern  end — flat  on  the  top,  and  ending  on 
ill  sides  in  cliffs.   The  rocks  are  chiefly  clay,  with  a  thin  conformable 
capping  of  shelly  breccia  20  to  50  feet  thick.    The  fossils  in  the  clay 
are  difficult  to  fiud,  and  probably  are  generally  enclosed  in  nodules 
of  the  clay  somewhat  altered,  as  in  this  specimen.     The  fossil  now 
exhibited  was  picked  up  on  the  sandy  beach  near  the  foot  of  the  cliffs, 
which  are  naturally  undergoing  rapid  denudation.     In  a  paper  read 
by  me  before  this  Society  in  lb74,  the  formation  was  considered  to 
be  of  Miocene  age  by  Mr.  Etheridge.      1  should  be  glad  to  learn 
whether  this  fossil  supports  that  view  of  the  age.     Mearly  all  the 
coast  in  question  for  many  hundreds  of  miles  is  of  similar  formation ; 
the   strata  are   as   a   rule   slightly   inclined  only  and   of   fantastic 
outline." 

The  following  communications  were  read  : — 

1.  ** Geology  of  the  Ashbourne  and  Buxton  Branch  of  the  London 
and  North- Western  Itailway. — Ashbourne  to  Crake  Low."  By 
H.  Amold-Bemrose,  Esq.,  M.A.,  F;G.S. 

The  southern  part  of  the  new  railway  from  Ashbourne,  through 
Tissington  and  Crake  Low,  to  Buxton  exhibits  several  sections  in 
Trias,  Boulder-clay,  Mountain  Limestone,  and  Yoredale  Beds. 
Interstratified  with  the  latter  is  a  thick  bed  of  volcanic  ash,  with 
thinner  intercalations  of  tuff.  Within  a  mile  of  Tissington  ash  is 
exhibited  four  times  in  the  cuttings,  and  according  to  the  view  of 
the  author  it  is  the  same  bed  repeated  by  basins  and  domes,  one 
of  the  latter  of  which  is  faulted.  W^hile  the  rocks  succeeding  the 
ash  in  some  places  are  limestones,  cherts,  and  shales  of  Yoredale 
type,  in  one  section  they  resemble  more  closely  the  upper  beds  of 
the  Mountain  Limestone.  The  limestones  are  often  dolomitized. 
The  a8h-l)ed  is  144  feet  thick  where  fully  exposed;  it  is  stratified, 
the  beds  varying  in  texture,  and   the  lapilli  in  them  range   frum 
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inicroscopio  dimenBiODs  to  1  inch  in  diameter.  The  lapilli  are  glassy 
or  palagonitio ;  but  felspar-microlites  are  rare,  and  the  rock  of  which 
they  are  made  has  no  counterpart  among  the  lavas  of  the  county. 
The  ejected  blocks  in  the  ash  vary  from  several  inches  up  to  1  foot 
in  diameter,  and  are  similar  to  the  blocks  in  the  vent  at  Kniveton. 
I'he  small  lapilli  scattered  through  the  limestones  are  generally  con- 
verted into  caloite  or  dolomite  with  oxide  of  iron.  The  paper  was 
illustrated  by  microscopic  slides,  and  horizontal  and  vertical  sections 
of  the  cuttings  and  quarries  described ;  also  by  hand-specimens, 
pliotographs,  and  lantern-slides. 

2.  *'  The  Oceanic  Deposits  of  Trinidad."  By  Prof.  J.  B.  Harrison, 
M.A.,  F.G.8.,  and  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

*'  The  object  of  this  communication  is  to  present  some  observations 
on  the  succession  and  geological  relations  of  the  beds  which  have 
long  been  known  in  Trinidad  as  the  Naparima  Marls.  This  name 
was  given  by  Messrs.  Wall  <fe  Sawkins  in  1860,  on  account  of  their 
occupying  a  large  part  of  the  Naparima  district  east  and  south-east 
of  San  Fernando.  The  beds  so  named  formed  one  of  the  five  series 
which  were  described  by  these  authors  under  the  head  of  the  Newer 
Parian  Group."  In  his  historical  introduction  Mr.  Jukes-Browne 
deals  with  the  writings  of  Mr.  Guppy  and  Professor  Harrison,  and 
shows  that  three  definite  issues  are  thus  raised : — (1)  Are  the  Nariva 
Beds  above  or  below  the  Naparima  Marls  ?  (2)  Do  the  Qlobigerina' 
marls  occur  in  the  Naparima  district,  and,  if  so,  are  they  connected 
with  the  Kadiolarian  marls  or  are  they  part  of  a  separate  formation? 
(3)  What  is  the  relation  between  the  San  Fernando  Beds  and  the  other 
groups?  Mr.  Guppy  and  Professor  Harrison  agree  in  answering 
the  first  part  of  the  second  question  in  the  affirmative,  and  in  stating 
that  the  two  marls  are  closely  connected  together. 

In  the  second  part  of  the  paper  Professor  Harrison  tabulates  the 
following  succession  in  the  Naparima  district : — 


.  Oceanic  Sericfl. 


3.  Radiolarian  beds  resembling  those  of  Barbados. 
2.  Grey  6r/o^t^mna-marls,  the  same  as  those  of  the 

coast- section. 
1.  Red  and  blue  clays.  Nariva  Beds. 


Although  junctions  of  the  Nariva  Beds  and  the  Oceanic  Series  are 
not  seen,  at  Ste.  Madeleine  Usine  the  clays  of  the  former  series 
occur  30  feet  lower  than  the  G/o6i^criMa-marls,  and  there  appears 
to  be  no  transition  between  the  two  series.  On  the  other  hand,  the 
transition  between  (2)  and  (3)  appears  to  be  complete.  'A  com- 
paripon  with  the  corresponding  beds  at  Barbados  now  becomes 
pOHKihle,  and  this  shows  that  the  Globigerhia-maLrls  occupy  the  place 
of  the  basal  chalks  of  Barbados,  but  are  much  thicker,  while  the 
radiolarian  rocks  are  thinner,  and  the  interbedded  volcanic  ashes 
so  frequent  in  Barbados  are  wanting  in  Trinidad.  Chemical  and 
microscopic  analyses  of  the  Qlobigerina  and  radiolarian  beds  are 
given,  and,  compared  with  similar  analyses  of  the  Barbadian 
deposits,  they  show  that  more  quartz  and  argillaceous  matter  occur 
in  Trinidad.     The  radiolarian  marls  contain  iridescent  scales  due  to 


Correspondence — Mr,  J,  Smith — Pro/,  Rupert  Jones.        93 

Inf^nenU  of  the  frnBtuIes  of  the  diatom  Ethmodincm,  which  is  "  quite 
characteristio  of  aome  of  the  deepest  tropical  red  days  and  radiolariaa 
oozea  far  from  land."  The  'argiline'  beds  appear  to  he  formed  from 
the  alteration  of  the  lower  (?/o6»^eritia- marls.  The  following 
correlation  is  proposed  : — 

Babbadob.  Trinidad. 

B-*"^^^    1      Moruga  Series       ...     Pleistocene  and  Pliocene. 

Oceanic  Beds Naparima  Marls    ...     Miocene, 

Scotland  Bed.  I  I^PP*'"     San  Fernando  Bod»    \  oiig„e,»  and  PUoc^u. 
I  Lower...     iNanra  Series  ; 

The  Oligocene  and  Eocene  beds  are  of  Hhallow-water  origin,  and 
Beem  to  be  unconformably  covered  by  the  Naparima  Marls. 


coKI^ESI^Ol^^^DE;I!S^OE3. 

CRYSTALS    FROM    DECOMPOSED    TRAP. 

Sm, — Early  in  the  year,  in  examining  some  refuse-heaps  near 
Dreghom,  Ayrshire,  I  found  a  few  crystals  which  had  been  weathered 
OQt  from  a  decomposed  trap.  The  altered  rock  is  white,  and  on 
exposure  has  fallen  into  dust,  leaving  the  crystals  isolated  and 
perfectly  sharp.  In  some  places  the  rock  is  particularly  white, 
end  the  crystals  themselves  have  been  reduced  to  powder.  Much 
of  the  trap  is  a  hard  solid  rock,  with  large  conHpicuous  aggregates 
of  enclosed  crystals;  every  variety  from  the  solid  ro(5k  to  the  altered 
*  white  horse'  (a  local  name  of  white  trap)  can  he  obtained.  I  am 
informed  by  Mr.  L.  J.  Spencer,  of  the  BritiHh  Museum  (Natural 
History),  that  the  isolated  crystals  are  really  pseudoniorphs  of 
Berpentine  after  augite.  J.  Smith. 

M05KHBDDINO,  KiLWINNINO. 

December  15,  189S. 

FORAMINIFER.\L    FLINT    FROM    SOMALL 

Sir, — The  liev.  R.  Ashington  BuUen,  F.G.S.,  lately  lent  nie 
Wine  stone  implements  (labelled  as  having  been  collected  by 
Mr.  St;ton-Karr  in  Somali,  Eastern  Africa),  for  exhibition  before  the 
Anthropological  Institute,  in  illustration  of  my  paper  on  large 
African  stone  implements  (see  Journ.  Anthro]).  Institute,  new  serit^a, 
^ol.  i,  1898,  p.  48).  Some  of  these  Somali  implements  are 
composed  of  quartzite,  rather  ferruginous,  gritty,  and  hard,  though 
the  grains  are  only  cemented  at  their  peripheries,  and  not  closely 
compact;  others  are  of  flint,  coarse-grained  by  the  visible  presence 
of  the  minute  organisms  originally  constituting  the  limestone  of 
^'^hich  the  flint  is  a  more  or  less  perfect  pseudomorph,  still  to 
a  great  degree  calcareous.  Many  microzoa,  chii'fly  internal  casts 
of  Foraminifera,  stand  out  on  the  roughly  weathered  surface,  and 
numerous  sections  of  these  organisms  are  seen  in  the  fractured 
•stone.  Some  friends  have  examined  the  specimens  with  me,  and 
although  at  first  I  suspected  small  Nuuimulites  to  be  present,  we 
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oannnt  find  any  certain  eviilenoe  of  them.  Mr.  Frederick  Clmp'n»n, 
A.L.S.,  fnvours  rae  with  Die  followinj;  list  of  Foraniiiiirera.  which  h« 
lias  liettiriajneil  on  the  we&tliered  surface  of  the  flint  od  one  of  the 
Somali  implements: — 

Opercttliiia.  sp.  with  rib-like  septa,  common. 

HetfroUfgina  deprenn,  D'Orbigny,  a  very  good  specimen. 

Criilellnria,  two  Bpeoies,  frequent. 

Putoinulina,  one  specimen. 
I  afrree  with  Mr.  Chapman  in  regarding  the  rock  as  being  probably 
of  Miocene  or  Pliocene  age.  T.  Bdpbkt  Josks. 


NOTE  ON  DINOCYSTIS  BASROISI. 
Sir, — Please  allow  me  a  few  words  in  reply  to  the  valuable  paper 
of  Mr.  F.  A.  Bather  on  Diuoeyitti  Barroiii.^  In  hia  paper  "  Sur 
I'ula^  devonien  des  pnammitee  du  Condroz  en  Condroz  "  (Bull.  Acad. 
dea  Sci.  de  Belg.,  1875,  2*  s^r.,  t.  xxjtis,  pp.  G58-9).  Mr.  M.  Monrlon 
mentions,  from  Mr.  Malaise's  collection,  an  "  astSrie "  found  near 
Walcoiirt  in  nn  indeterminate  " assise "  of  the  "psammites  dn 
Condroz."  Tltis  fosuil  is  no  longer  quoted  in  the  list  of  the  fossils 
of  this  series,  ^iven  by  the  same  author  in  his  "Geolngie  de  la 
Belgiqne."  but  it  is  replaced  (t.  ii,  p.  23)  by  Agdacrhiu.  very  rare, 
in  the  "asBiBes"  of  Montford  and  f^vieiix,  the  two  «fi;)er  assises  of 
our  Psammites  du  Condroz,  and  this  is  supposed  by  ,Mt.  Bather  to  he 
'  '      -"logyiii*  tttiTroisi.     Niiw  the   "  aalerie  "   of  \fi" 
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elevation.  By  referring  to  my  letters  published  in  September  and 
KoTember  last  your  readers  oan  see  for  themselves  whether  these 
itatements  are  true  or  false.  Dr.  Spencer  must  have  read  my 
remarks  so  hastily  that  he  failed  to  understand  the  drift  of  my 
argument,  and  perhaps  when  he  succeeds  in  realizing  that  I  did 
not  anywhere  deny  either  the  subsidence  or  elevation  of  the  coti- 
tinental  margins  he  will  have  the  courtesy  to  acknowledge  that  he 
has  done  me  an  injustice. 

He  accuses  me  of  "  turning  the  correspondence  into  an  academic 
disputation  of  the  meaning  of  the  word  'escarpment/"  and  into 
a  "  flat  denial  of  the  evidence  submitted  by  Professor  Hull."  I  hope 
to  show  that  I  did  neither  of  these  things. 

Ever  since  Mr.  Whitaker  carefully  distinguished  between  the 
features  presented  by  a  steep  slope  fashioned  entirely  by  subaerial 
ageucies  and  those  of  a  raised  sea-uiargin  or  cliff/  English  geologiKts 
bave  restricted  the  term  escarpment  to  the  former,  and  have  thought 
that  the  primary  origin  of  the  slope  was  a  point  of  some  importance. 
Br.  Spencer  tells  us  that  by  American  geologists  the  descent  from 
a  tableland  or  plateau  is  termed  an  escarpment,  and  he  implies  tliat 
they  do  not  trouble  themselves  to  ask  whether  the  course  of  the 
feature  was  determined  by  the  sea  or  by  subaerial  agencies.  Of 
course  Dr.  Spencer  ought  to  know,  and  I  can  only  express  surprise 
at  what  he  says  is  American  usage. 

Again,  Dr.  Spencer  asserts  that  I  flatly  denied  Professor  Hull's 
evidence.  Now  most  people  reading  such  a  statement  would  suppose 
that  I  had  flatly  contradicted  Prolessor  Hull  on  statements  of  fact, 
which  is  very  far  from  being  the  truth.  Hence  T  am  led  to  ask 
whether  Dr.  Spencer  has  any  clear  conception  of  the  difference 
between  evidence  and  inference. 

I  could  wish  that  Professor  Hull  had  displayed  his  facts  more 
fully  by  reproducing  some  of  the  actual  charted  records,  but  1  did 
liot  question  the  accuracy  of  his  observations,  nor  his  inference 
that  the  submerged  plateau  was  once  a  land-surface  and  that  traces 
of  river- valleys  may  be  found  upon  it.  It  was  not  his  evi<lence  but 
his  farther  and  more  theoretical  inferences  that  1  questioned. 

What  I  denied,  and  still  deny,  is  that  Professor  Hull  adduced  any 

evidence  to  prove  that  the  steep  declivity  which  forms  the  border 

pf  the  plateau  was  an  escarpment  in  the  English  sense  of  the  term, 

in  other  words  that  it  has  been  formed  and  fashioned  entirely  by 

subaerial  agencies.     Not  only  did  Professor  Hull  assume  that  it  was 

80  formed,   but   he   further   assumed,   without   proof  and   without 

consideration  of  other  possibilities,  that  the  platform  was  formed 

first  and  the  declivity  afterwards.     Further,  he  referred  these  events 

to  definite  periods  of  geological  time.     I  asked  him  to  give  his 

reasons  for  these  conclusions,  but  in  his  reply  (October)  he  did  not 

answer  the  two  latter  questions  (promising,  however,  to  discuss  one 

of  them  later  on),  and  confined  himself  to  defending  his  use  of  the 

term  escarpment.     Is  it  surprising  that  my  rejoinder  was  similarly 

*  Gbolooical  Maoazinb,  Vol.  IV,  pp.  447  and  483  (1867). 


!lfi  OMiiarii's. 

liiiiileil?  ^m<l  isDr.  Si"'Tiwr  jiiHliliPa  in  snying  liiat  I  cunverto-c 
cunespondent'e  into  hii  academic  dispiilation  ? 

BeuausB  in  lay  second  letter  I  etill  danied  that  Professor  Hul  I  , 
given  any  good  reason  for  regarding  the  declivity  aa  a  fo^tm^T' 
subaeria!  origin,  tltia  denial  is  oonslrued  by  Dr.  Spencer  into  "■ 
denial  of  all  ProfeBsor  Hull's  evidence.     His  desire  appareiJ 
tliHt  Professor  Hull  and  bitnseEf  should  pose  as  marlyrs  for  M 
faith,  and  he  hurls  a  deSanee  at  any  individual,  cotincil,  or  prMfV 
of  any  learned  society  in  the  universe  who  should  venture  to< 
or  deny  bis  interpretation  of  the  facts ! 

So  long  as  Di'.  Spencer  maintains  such  an  attitude  it  is  impoH 
to  argue  with  him.     I  am  deeply  interested  in  the  history  oP 
submerged  portion  of  tbe  European  oontinent,  and  I  look  forirn 
Professor  Hull's  promised  consideration  of  it,  when  he  will  dot 
answer  my  questions,  for  he  is  always  a  courteous  opponent. 

I  have  supposed  that  the  position  of  the  great  declivity  I 
general  course  were  determined  by  marine  erosion  (juel  I 
present  coastline  has  been),  and,  further,  that  the  platform  ben 
the  modern  and  the  ancient  coastlines  was  formed  subsequentlyM^ 
expense  of  the  ancient  continent.  Both  platform  and  deoliviqr  j 
have  been  uftvrwards  modified  by  Hubnerial  agencies,  and  this  inaybl 
been  the  penultimate  pbase  in  their  history,  but  this  urder  of  e?^ 
is  not  that  indic.tted  by  Professor  Hull.         A,  J.  Jitkcb-BhowsM 


William    Coi.OHBaTBK,    J.P.,    F.G.S.      This    well-kuom*i 
geologist,  so  !ong  connected  as  Chairman  with  Messrs.  Lawea>3 
Chemical  Manure  Company,    of  the  Manganese  Broi 
Brass   Company,  and   Senior  Partner  in    Messrs,  Colubesta 
and  Ball's  Chemical  Manura  Manufactory,  who  had  attaiiH 
to    the    advanced    age    of    85    years,    died    at    his    residenodcl 
Kurwell  Hall,  Cambridgeshire,  on  tbe  16th  Novemlmi 
Wo  shall  give  an  obituary  of  Mr.  Colchester  in   our  Maroll    , 
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L— Ov  THE  Eastern  Margin  of  the  North  Atlamtio  Bastn.^ 
fij  WiLTOXD  H.  HuDLBSTOK,  M.A.,  F.R.S.,  F.L.S.,  F.G.S.,  etc. 

(PLATE  III.) 

IN  offering  a  few  remarks  on  a  subject  which  beloia^,  in  the  first 
instance,   to  the  province   of  physical   geography,    .t   will   be 
necessary  for  me  to  point  out  certain  hydrographical  details,  wLilst 
endeavouring    to    deduce    from    these    details    concluHioiis    having 
a  geological  bearing.     Oceanography  is  almost  a  science  in  itself, 
especially  if  we   regard   it   from   a  geological   point  of  view,  as 
Bomething    more    than   a   mere    description    of    water-spaces    and 
soundings.     Ever  since  the  days  when  the  deep  oceans  were  first 
explored  for  the  purpose  of  laying  the  telegrapli  caViles  Botne  of  the 
leading  facts  were  made  known,  and  have  since  become  familiar  to 
all  students  of  physical  geography.     Such  a  feature,  for  instance,  as 
the  Continental  shelf,  usually  called  the  100- fathom  platform,  which 
supports  the  British  Isles,  the  German  Ocean,  and  its  backwater,  the 
Baltic,  has  long  since  been  made  clear  to  us  by  the  cartographer. 

The  width  of  the  submerged  Continental  shelf  is  very  considerable 
within  the  area  of  the  British  seas.  It  is  generally  considered  to 
represent  a  plane  of  marine  denudation  sloping  gradually  outwards 
towards  an  *  edge,'  which  is  approximately  represented  by  the 
100-fathom  contour,  although  the  real  edge  sometimes  lies  rather 
deeper.  This  'edge*  is  an  important  feature,  since  it  indicates  the 
angle  made  by  the  Continental  shelf  with  the  suboceanic  Continental 
slope,  leading  down  into  the  oceanic  abyss — what  the  late  Dr. 
Carpenter  might  have  called  the  rim  of  the  *  Tea-tray.* 

It  is  to  this  suboceanic  Continental  slope  that  I  would  chiefiy 
direct  your  attention,  so  far  as  it  constitutes  the  esHtern  margin  of 
the  Atlantic  basin.  Our  limit  on  the  south,  for  convenience,  is  the 
30th  parallel  of  North  latitude ;  and  some  approximation  to  the 
8ul>oceanic  slope  may  be  traced,  in  varying  form  and  with  great 
difference  in  the  angle  of  inclination,  from  the  west  coast  of  Africa 
to  the  north-west  of  Spitzbergen.     Its  mean  direction  is  slightly 

>  Read  in  abstract  at  the  Meeting  of  the  British  Association,  Bristol,  Sept.,  1898. 
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west  of  the  meridian  of  Greenwich,  with  a  divergence  of  about  12° 
of  longitude  on  either  side.  This  direction  it  maintains  for  51°  of 
latitude,  or  about  3,500  statute  miles.  From  off  the  north-west 
corner  of  Spitzbergen  the  suboceanio  Continental  slope  trends 
easterly,  passing  north  of  Franz  Josef  Land  and  the  New  Siberian 
Islands. 

The  persistent  physical  feature  which  I  have  called  the  svboceanic 
Continental  slope  has  been  variously  described  as  a  '  submerged  bank/ 
and  even  as  an  *  escarpment,'  though  it  is  certainly  not  likely  to  be 
an  '  escarpment '  in  the  geological  sense  of  the  term.  Before  pro- 
ceeding to  trace  this  particular  margin  of  the  north-eastern  Atlantic 
basin,  it  may  be  of  service  to  consider  some  of  the  remarks  of 
Professor  Milne  with  reference  to  suboceanio  continental  slopes 
generally.  These  are  to  be  found  in  his  very  suggestive  paper  on 
*'  Suboceanio  Changes."  ^ 

Just  as  we  owe  the  beginning  of  oceanography  to  the  surveys 
which  preceded  the  laying  down  of  telegraph  cables,  so  we  are 
likely  to  learn  something  about  suboceanio  movements  owing  to  the 
repairs  which  these  cables  require.  Professor  Milne  brought  this 
subject  before  the  Koyal  Geographical  Society  in  1897,  and  his 
remarks  regarding  suboceanio  continental  slopes  are  exceedingly 
important  After  referring  to  submarine  banks  and  ridges  generally, 
he  points  but  that  we  have  evidence  of  sudden  changes  in  the  details 
of  suboceanio  contours  in  the  steep  slopes  flanking  the  submarine 
platforms  which  fringe  continents  and  islands.  The  causes  of 
suboceanio  yielding  in  rocks  and  sediments  are  twofold.  The  most 
important  is  what  he  calls  *  bradyseismical '  action,  represented  by 
secular  folding,  thrust,  or  crush ;  sudden  acceleration  in  these  move- 
ments constitute  earthquakes,  which  may  be  accompanied  by  a  line 
of  fault  and  landslips.  A  second  group  of  causes  is  referred  to 
sedimentation  and  erosion :  these  create  unstable  contours,  which 
may  be  destroyed  by  seismic  action  or  in  other  ways.  He  calculates 
that  one-half  of  the  earthquake  shocks  occurring  throughout  the 
world  have  their  origin  in  the  suboceanio  continental  slopes.  He 
divides  these  into  seismic  and  non-seismic  districts.  Slopes  of  con- 
siderable horizontal  extension — say  120  geographical  miles — which 
are  steeper  than  1  in  35  (lj°);  are  likely  to  be  the  seat  of  submaiine 
earthquakes  accompanied  by  landslips.  As  examples  of  seismic 
districts  he  instances  the  west  coast  of  South  America,  the  Kurile 
Islands,  and  parts  of  Japan;  whilst  of  non-seismic  districts  he 
instances  the  coasts  of  Australia,  Scotland,  and  South  Norway. 

Seismic  strain,  due  to  a  tendency  in  the  earth's  crust  to  further 
adjustment,  is  greatest  where  earthquakes  most  frequently  originate  ; 
and  the  special  home  of  the  earthquake  is  at  the  base  of  the  steep 
oceanic  slopes,  where  most  deformation  is  in  progress.  He  further 
observes  that  the  results  of  vertical  movements  are  those  which  are 
now  most  apparent,  but  that  the  geotectonie  structure  of  many 
countries  shows  great  horizontal  displacement  likewise. 

^  Geographical  Journal,  August  and  September,  1897. 
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It  will  be  gathered  from  the  preceding  extracts  that  Professor  Milne 

regards  the  subooeanic  continental  slope  as  an  important  factor  in 

the  tectonic  history  of  the  earth's  crnst.     Looking  at  the  subject 

bn^adly,  one  might  say  that  this  snboceanic  slope  performs  a  double 

fiiDOtion.     In  the  first  place,  as  the  more  or  less  abrupt  termination 

of  a  continental  mass,  it  affords  relief  to  the  periodic  strain,  and 

thus  becomes  at  times  the  seat  of  dynamic  energies  of  great  force. 

Secondly,  its  more  obvious  function  is  to  contain  all  but  the  surface 

waters  of  the  great  oceans  within  its  limits,  and  it  thus  becomes  the 

true  margin  of  their  respective  basins. 

Trusting  to  be  pardoned  for  what  might  seem  at  first  sight 
a  digression,  I  will  now  direct  attention  to  a  few  hydrograpliio 
details  with  reference  to  the  particular  suboceanio  slope  under 
ooQitideration.  We  have  already  seen  that  it  extends  over  51^  of 
latitude.  Allowing  for  sinuosities  and  for  the  easterly  extension 
beyond  Spitzbergen,  we  are  dealing  with  a  marginal  line  which 
cannot  be  less  than  5,000  miles  in  length.  The  principal  authorities 
for  these  details,  and  also  for  the  accompanying  map,  are  as  follows: — 

Nanaen's    paper   "  On   some    Results    of   the    Norwegian    Arctic 

Expedition."  ^ 
"The  Physical  Chart  of  the  North  Polar  Regions,"  by  Bartholomew.* 
"The  Norwegian  North  Atlantic  Expedition,"  by  H.  Mohn.' 
And  lastly,  several  of  the  British  Admiralty  charts,  e.g. : 

Chart  No.  1,  "  British  Islands  to  Mediterranean  Sea,"  pub- 
lished in  1884,  with  small  corrections  down  to  1897. 

Chart  No.  2,  "  The  British  Islands,"  published  in  1884, 
with  small  corrections  down  to  1894  and  large  corrections 
down  to  1896. 

Chart  No.  1,104,  "  The  Bay  of  Biscay,"  published  in  1888, 
with  large  corrections  down  to  1892  and  small  corrections  to 
1897. 

Chart  No.  2,058,  "  North  Atlantic  Route  Chart,"  published 
in  1892,  with  small  corrections  down  to  1897. 

Also  other  Admiralty  charts. 

Jt  must  be  understood  that  the  accompanying  map  has  no  claim 
*®  accuracy  of  detail ;  if  a  general  impression  is  conveyed,  that  will 
^  suflScient  for  the  purpose.*     Tlie  *  edge  *  or  angle  between  tlie 

'  Gertjrr.  Journal,  May,  1897.        '  Ibid.,  June,  1897.         »  Christiania,  1887. 

*  This  remark  refers  to  the  larj^c  chart  which  was  exhibitinl  at  the  Bristol  meeting. 

'  ince  then  Meswr«4.  Bartholomew  have  prepared  a  more  elaborate  man  based  upon 

^'le  outlines  of  that  chart.     This  will  serve  to  give  a  general  idea  of  the  subject  of 

the  paper,  viz.  **  The  Eastern  Marj^in  of  the  North  Atlantic  Basin."     It  will  be 

i^dilj  understoo<l  that  details  can  only  be  shown  on  a  larger  scale.    Indeed,  for  very 

tlwe  work  in  connection  with  the  **  suboceanie  Contimntal  ilope^'*  it  may  be  doubted 

wlu'ther  a  sufUcient  number  of  reliable  soundinj^  have  been  taken  as  yet  to  warrant 

any  detailed  mapping  of  these  slopes  in  some  cases.  Notwithstanding  the  imperfection 

ot  the  record,  however,  there  are  some  features  in  the  marginal  line,  such  as  the 

'  Fosse  de  cap  Breton,*  which  have  been  clearly  established  (see  Fig.  4).     It  will  be 

observed  that  a  very  small  area  in  Messrs.  Bartholomew's  chart,  to  the  W.S.W.  of 

Madeira,  shows  depths  exceeding  3,000  fathoms.     This,  however,  has  no  bearing  oa 

the  subject  of  my  paper. 
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Continental  platform  and  the  subooennio  slope  yaries  as  to  degree  of 
submergenoe,  being  mostly  on  the  100-fathom  contour  in  the  British 
seas,  but  nearer  the  200-fathom  oontour  off  parts  of  the  Norw^ian 
coast. 

Part  I. — The  North  Polar  Ooban,  and  the  Noeweoian  Atlantic. 

Since  the  most  important  recent  results  in  oceanography  have  been 
obtained  in  the  North  Polar  basin,  it  seems  only  proper  to  commence 
our  bathymetrical  studies  in  the  far  north,  and  to  work  our  way 
southwards  as  far  as  the  limits  already  indicated.  The  results 
obtained  by  the  '*  Fram  "  were  so  contrary  to  what  was  generally 
expected,  that  it  may  be  some  time  before  their  true  import  is  fully 
realized.  They  prove  beyond  doubt,  however,  that  the  Atlantic 
depression,  which  we  knew  was  continued  into  the  Norwegian 
Atlantic  and  thence  through  the  ocean  narrows  between  Greenland 
and  Spitzbergen,  expands  in  the  North  Polar  area,  and  in  all 
probability  extends  to  the  Pole  itself  on  the  meridian  of  Greenwich. 
Nansen  tells  us  that  he  had  imagined  the  Polar  basin,  taken  as 
a  whole,  to  be  shallow,  but  he  found  the  sea  north  of  the  New 
Siberian  Islands  suddenly  becoming  deeper  and  sinking  to  a  depth 
of  1,800  to  2,000  fathoms,  and  that  this  depth  was  maintained  during 
the  entire  drift  of  the  *'  Fram  "  as  far  as  north  of  Spitzbergen.  Hs 
therefore  takes  it  for  granted  that  the  Polar  basin  is  a  deep  sea* 
which  forms  a  continuation  northwards  and  eastwards  of  the  same 
depth  as  the  Northern  Atlantic  Ocean ;  he  concludes  that  there  is 
little  or  no  land  on  this  side  of  the  Pole,  and  this  conclusion  is  based 
on  several  considerations  of  great  weight. 

According  to  old  soundings  taken  long  before  the  voyage  of  the 
**  Fram,"  a  depth  of  1,370  fathoms  is  recorded  about  100  miles  north 
of  Spitzbergen  ;  and  this  might  have  been  accepted  as  an  intimation 
of  what  was  to  be  expected  further  eastwards.  We  can  believe  that 
the  ''  Fram  "  crossed  a  suboceanic  slope  in  about  79°  N.  lat,  and  that 
this  slope  will  be  found  to  extend  all  along  the  northern  margin  of 
the  shallow  platform  which  supports  the  Franz  Josef  Archipelago, 
itself  only  an  eastern  extension  of  the  Spitzbergen  group.^  This 
platform  bears  the  same  relation  to  the  north  of  Europe  that  the 
British  platform  does  to  the  north-west  of  Europe.  The  chief 
difference  lies  in  the  fact  that  the  mouth  of  the  Barents  Sea,  between 
Bear  Island  and  the  North  Cape,  is  deeper  than  the  average  edge  of 
the  North  Sea  platform  by  about  170  fathoms,  though  the  eastern 
parts  of  the  Barents  Sea  are  shallow  enough. 

A  few  of  the  details  of  the  Norwegian  Atlantic  may  next  be 
taken  into  consideration.  The  several  parts  of  this  have  received 
different  names,  but  it  may  be  regarded  as  practically  one  basin 
in  alignment  with  the  North  Atlantic  Ocean.  The  major  axis  of 
the  principal  deeps  is  for  the  most  part  meridional,  and,  indeed, 

^  SiDce  Dr.  Eoettlitz  records  (Quart.  Joom.  Geol.  Soc,  vol.  liv,  p.  644)  a  depth 
of  230  fathoms  thirtv  miles  west  of  Cape  Mary  Harmswortk,  it  is  possible  tnat 
a  bight  of  the  deep  ^orth  Polar  ocean  maj  extend  for  some  distance  between  the 
Franz  Josef  Archipelago  and  Spitzbergen. 
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lies  almost  exactly  on  the  meridian  of  QreetV^ioh.  The  most 
remarkable  depth  is  that  known  as  the  Swedish  deep,  attaining 
2,^0  fathoms  in  the  narrows  about  midway  betr^e'en  Spitzbergen 
and  Greenland.  The  average  slope  of  the  sea  bed 'here  is  stated 
by  Mohn  to  be  1  in  129,  or  less  than  half  a  degree ;  but  such 
a  general  statement  gives  no  idea  of  the  inclination  of  ^Yi^'.narginal 
slopes  off  the  west  coast  of  Spitzbergen.  Thus,  aborc  /^O  miles 
from  the  shore,  off  the  mouth  of  Ice  Sound,  the  edge  of  the 
Continental  platform  is  well  marked  in  120  fathoms,  and 
succeeded  by  a  rapid  marginal  b\o\^  towards  the  abyss.  -  Trom 
Sydkap  to  Bear  Island  the  suboceanic  slope  is  fairly  well  marked, 
the  edge  being  mostly  in  200  fathoms.  Off  the  mouth  of  Ih^ 
Barents  Sea  the  slopes  are  gentle,  the  edge  being  in  about  280 
fathoms.  But  as  we  approach  the  Lofodens  the  contours  begin  to 
draw  in  much  closer,  and  the  steepest  part  of  the  suboceanic  slope 
off  the  coast  of  Norway  occurs  hereabouts  (Vesteraalseg).  The 
depth  increases  from  100  to  1,500  fathoms  in  a  distance  of  22^ 
nautical  miles,  giving,  according  to  Mohn,  a  slope  of  1  in  16  or  3|^. 
The  general  Norwegian  submerged  shelf,  as  before  observed,  has 
its  edge  near  the  200-fathom  contour,  which  runs  rather  far  out 
to  sea  and  again  curves  towards  the  land  opposite  Konisdal ;  on 
the  other  hand,  the  100-fathom  line  hugs  the  coast  of  Norway 
pretty  closely. 

The  Norwegian  Channel,  sometimes  called  the  River  of  Norway, 
is  a  curious  feature,  whose  origin  has  given  rise  to  a  considerable 
amount  of  discussion.  As  a  matter  of  fact  it  is  a  depression  of 
considerable  width,  which  laps  round  the  southern  lobe  of  Norway 
from  the  Skager  Rack  to  beyond  the  mouth  of  the  Sogne  Fjord. 
It  has  also,  I  believe,  been  called  the  'River  of  the  Baltic,'  and 
r^arded  as  the  submerged  channel  of  a  watercourse  which  once 
drained  the  Baltic  area  when  that  was  dry  land.  Unfortunately 
for  this  theory  the  deepest  part  of  the  Norwegian  Channel  lies  in 
the  Skager  Rack  off  Arendal,  where  a  depth  of  443  fathoms  is 
recorded  by  Muhn,  whilst  the  Channel  is  only  160  fathoms  deep 
off  Bergen  on  the  Atlantic  side,  between  Norway  and  Shetland. 
The  '  River  of  the  Baltic,'  therefore,  must  have  had  some  difficulty 
in  draining  towards  the  Atlantic  under  these  circumstances. 

Speaking  generally,  one  would  say  that  the  basin  of  the  Norwegian 
Atlantic  is  more  spoon-shaped  than  that  of  the  British  Atlantic  : 
in  other  words,  the  marginal  slopes  appear  to  be  less  steep  on  the 
whole.  A  low  transverse  elevation  runs  in  a  north-easterly  direction 
from  Jan  Meyen  to  Bear  Island,  almost  athwart  the  main  meridional 
depression;  Jan  Meyen  Island  itself  is  a  huge  volcanic  pimple. 
The  steepest  decline  in  the  Norwegian  sea  was  found  north-west 
of  this  island,  where  the  depth  reaches  1,040  fathoms  at  a  distance 
of  only  seven  nautical  miles  from  the  land,  corresponding  to 
a  slope  of  1  in  7,  or  8^,  being  the  direct  continuation  of  the  lava 
slopes  of  the  extinct  volcano  called  the  Beerenberg.  On  the  south 
side  of  the  island  the  slopes  are  more  gradual.  It  is  evident  that 
in  course  of    time  this  volcanic  mass    must    have   displaced  an 


•••  • 


•  • 
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enormous  volum6.-ef.  water,  and  unless  there  was  a  oorrespondmg 
sinking-in  som^^lv^re,  some  perceptible  effect  must  haye  been 
produced  on  .th^.W-level.  I  might  mention  here  that  in  Mohn's 
admirable  work- a*  number  of  serial  soundings  are  given  throughout 
the  Norw^jlti^n  Atlantic.  These  of  necessity  are  drawn  with  the 
vertical  •ftoade'  much  exaggerated.  In  this  way  even  the  central 
deeps  .n\&y.'be  made  to  look  like  canons  with  V-shaped  valleys 
at  the*b(){tom.  This  is  especially  the  case  in  the  deep-sea  between 
Spitsbergen  and  Oreenland.  and  it  is  easy  to  make  a  slope  of 
3.°  of/  4^  look  almost  vertical.  In  the  southern  part  of  the 
•}^pWegian  Atlantic  the  average  rise  of  the  sea  bed  from  its  greatest 
.'\^p*tb8  towards  the  coast  of  Iceland,  the  Faeroes,  and  Norway  is 
Cfitated  to  be  1  in  188,  or  about  one-third  of  a  degree. 
> .*  Before  proceeding  any  further  south  with  our  bathymetrical  survey, 
we  ought  to  consider  the  geological  bearing  of  the  details  already 
given,  as  far  as  practicable.  It  is  obvious  from  an  inspection  of  the 
accompanying  map  that  the  eastern  part  of  the  North  Atlantic,  the 
Norwegian  Atlantic,^  and  a  portion  of  the  North  Polar  ocean  all 
belong  to  one  and  the  same  great  geosynclinal  depression,  which 
has  been  partly  interrupted  by  volcanic  extravasation,  more  especially 
in  the  region  between  Shetland  and  south-east  Greenland.  Tliis 
linear  arrangement  of  what  I  may  call,  in  general  terms,  the  North 
Atlantic  oceanic  depression,  extending  from  the  North  Pole  in  the 
direction  of  the  Equator,  seems  to  call  for  some  explanation  on 
physical  grounds.  We  are  reminded  of  the  two  principal  schools  of 
geographical  evolution,  and  of  the  theories  relating  to  the  permanence 
or  non-permanence  of  the  major  features  of  the  earth's  crust.  Ever 
since  the  leading  facts  of  oceanography  were  made  known  there  has 
boen  a  tendency  in  some  quarters  to  regard  the  great  oceans  as 
permanent  features.  If  this  is  really  the  case,  then  the  suboceanio 
GODtinental  slopes  would,  under  certain  limits,  come  to  be  regarded 
as  permanent  also. 

Dana  and  Wallace  have  argued  strongly  in  favour  of  the 
permanence  of  the  great  features  of  the  distribution  of  land  and 
water  on  the  earth's  surface,  but  the  majority  of  geologists  in 
England  have  rather  clung  to  the  Lyellian  doctrine  as  to  a  complete 
change  of  land  and  sea  having  taken  place  at  various  periods  of 
geological  time.  The  secular  interchangeability  of  the  great  land 
and  water  areas  has  also  received  much  support  from  the  view  that 
the  Clialk  is  of  necessity  a  deep-water  formation — abyssal  according 
to  some.  Wallace,'  it  is  well  known,  considered  that  the  doctrine  of 
the  permanence  of  continents  and  oceans  lay  at  the  root  of  all  our 
inquiries  into  the  past  changes  of  the  earth  and  its  inhabitants.  He 
thought  that  this  doctrine  received  strong  confirmation  from  the 
evidence  adduced  by  Darwin,  who  observed  that  hardly  one  truly 
oceanic  island  had  been  known  to  afford  a  trace  of  any  Paleeozoic  or 
Mesozoic  formation ;  so  that  islands  of  this  class  have  not  preserved 

^  lu  BarthoIoraew*A  map  (Fig.  1)  the  northern  port  of  the  Norwegian  Atlantic  is 
called  the  *  Greenland  Sea.' 
=*  ''Island  Life." 


W.  H.  Hudle9ton—E.  Margin  ofN.  Atlantic  Bann.     103 

a  fragment  of  the  sopposed  anoient  continents,  nor  of  the  deposits 
which  must  have  resulted  from  their  denudation. 

Unless  this  reasoning  has  been  opset  by  fresh  evidence,  it  ouj^ht 
to  have  considerable  weight  with  geologists.  No  doubt  some  of  the 
West  India  islands,  and  notably  Barbados,  afford  examples  of  oceanic 
deposits  of  Tertiary  age  resting  upon  terrigenous  deposits  known  as 
the  Scotland  Beds.  Nevertheless,  even  Barbados  lies  inside  the  true 
subooeanic  continental  slope  which  margins  that  side  of  the  Atlantic, 
whilst  the  Caribbean  Sea  may  be  regarded  as  a  region  of  exceptional 
oscillation,  which  partakes  to  some  extent  both  of  an  oceanic  and 
a  continental  nature.  The  Mediterranean  in  a  less  degree  presents 
similar  features,  and  it  seems  to  me  that  no  valid  argument  can  be 
based  on  events  which  have  occurred  or  are  occurring  in  such 
abnormal  areas. 

Another  very  specious  argument  against  permanence  in  derived 
from  the  great  height  to  which  marine  Tertiary  bedn,  such  as  the 
Nummulitic,  are  raised  in  the  Alps,  Himalayas,  etc.  Why  may  not 
changes  of  equal  magnitude,  it  is  urged,  have  taken  place  conversely 
in  areas  now  occupied  by  the  great  oceans  ?  It  should  be  borne  in 
mind,  however,  that  the  upheaval  of  Tertiary  marine  beds  to  these 
great  heights  naturally  takes  place  in  mountain  ranges,  where 
tangential  pressure  is  at  a  maximum  along  lines  which  are  of  great 
length  but  very  limited  in  width.  Such  features  can  hardly  be 
compared  with  the  great  ocean  expanses,  whose  breadth  is  measured 
by  thousands  of  miles.  On  the  other  hand,  there  is  a  considerable 
degree  of  analogy  between  these  prolonged  mountain  ranges  and 
the  Buboceanic  continental  slopes  which  bound  the  great  oceans. 
Both  classes  of  phenomena  are  largely  due  to  tangential  pressure, 
the  result  of  secular  contraction.  Hence  for  the  most  part 
mountain  ranges  are  believed  to  occur  and  reoccur  with  nearly 
the  same  orientation  throughout  geological  time.  They  form  the 
lines  of  adjustment,  as  it  were,  in  the  earth's  crust,  which  became 
especially  acted  upon  at  certain  epochs ;  and  the  fact  of  marine 
Tertiary  strata  having  been  raised  to  heights  ranging  up  to  20,000  feet, 
although  it  shows  oscillati(m  to  a  great  extent  within  a  long  and 
narrow  area,  does  not  justify  the  idea  of  an  equal  amount  of  oscilla- 
tion in  the  ocean  basins. 

The  principal  region  of  vertical  movement  in  connection  with  the 
oceans  is  probably  to  be  sought  in  the  suboceanic  continental  slope, 
and  such  movements  would  affect  the  shelf  or  continental  platform 
more  than  the  abyssal  floor,  which  would  remain  comparatively 
unaffected.  In  this  way  the  upper  portions  of  the  submarine  slopes 
on  the  sides  of  the  Atlantic  may  have  emerged  at  times  along  the 
line,  more  in  some  places  and  less  in  others,  thus  constituting 
saliences  which  were  worn  back  by  the  planing  action  of  the  sea ; 
and  in  this  way  the  Continental  shelf,  or  rather  portions  of  it,  may 
be  of  considerable  antiquity. 

If  this  view  be  correct  it  will  allow  for  a  considerable  amount  of 
change  throughout  geological  time  on  the  margins  of  the  great 
oceans  without  materially  affecting   the   ocean  basins  themselves. 
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We  may  tbns  regard  the  orost  of  the  earth  as  still  retaining  traces 
of  its  oongenital  features  in  the  shape  of  the  great  ooean  depths, 
and  also  in  the  position  of  the  ohief  continental  areas  which  have 
been  built  up  from  deposits  formed  for  the  most  part  in  shallow  seat, 
though  with  some  important  exceptions.  On  the  question  of  the 
primal  origin  of  these  features  we  obtain  some  valuable  physical  hints 
from  Lord  Kelvin  ^  in  his  remarks  on  that  very  critical  stage  in  the 
earth's  history  when  solidification  was  commencing  on  the  surface. 
His  view  is  that  continents  and  ocean  depths  wei*e  due  to 
heterogeneousness  in  different  parts  of  the  liquid  which  constituted 
the  earth's  surface  before  such  solidification.  The  hydrostatic 
equilibrium,  he  says,  involved  homogeneousness  in  respect  to  density 
only,  but  none  in  respect  of  chemical  composition :  from  this 
heterogeneousness  the  irregularities  of  the  present  surface,  be 
thinks,  followed  by  dynamical  necessity. 

No  apology  is  needed  for  quoting  the  views  of  one  of  the  first 
physicists  of  the  day  as  to  the  possible  origin  of  some  of  the  major 
features  of  the  earth's  crust  But  it  is  time,  after  this  diversion,  to 
consider  the  bearing  of  Nansen*s  discoveries  in  reference  to  theories 
of  geographical  evolution.  As  already  pointed  out,  the  northern 
boundary  of  the  European  continental  platform  must  be  sought  in 
Spitzbergen  and  the  Franz  Josef  Archipelago.  At  present  every 
detail  in  connection  with  this  prolongation  of  the  eastern  margin  of 
the  Atlantic  basin  is  wanting.  We  know  that  a  shallow  sea  becomes 
a  deep  one,  and  that  is  all.  But  the  question  arises  as  to  how  long 
in  the  history  of  the  earth  has  this  feature  endured?  Is  a  deep 
North  Polar  ooean  one  of  the  permanent  features  of  the  earth's  crust? 

There  are  no  people  so  ready  to  make  light  of  the  problems  of 
geographical  evolution  as  the  biologists.  Whenever  a  botanist  or 
a  zoologist  is  desirous  of  explaining  the  peculiarities  of  diutribution, 
lie  is  quite  ready  to  conjure  up  a  continent  from  **  the  vasty  deep." 
Tims,  it  is  not  so  long  since  we  heard  of  a  famous  botanist  requiring 
a  large  land  area  in  the  Polar  ocean.  But  in  the  light  of  recent 
discoveries  we  may  feel  certain  that  no  such  land  area  exists  at 
present ;  whilst  the  great  depths  recorded  by  the  sounding-lead 
render  it  unlikely  that  laud  has  existed  there  so  recently  as  to  have 
influenced  plant  distribution.  Even  supposing  that  Greenland 
belongs  botanioally  to  Europe,  it  is  not  in  the  North  Polar  area 
that  the  connection  is  likely  to  have  been  made.  Speaking  generally, 
one  might  say  that,  since  the  sea  is  in  possession  of  the  depths,  the 
onus  probandi  rests  with  those  who  would  alter  the  condition  of 
things.  Apart  from  mere  surmise,  it  is  by  no  means  ea^y  to  prove 
tiiat  a  water-space  has  ever  been  a  land  area,  though  of  courae 
the  converse  of  the  proposition  presents  no  difficulties.  We  have 
abundant  evidence  that,  on  the  continental  side  of  the  suboceanio 
hlope,  there  have  been  oscillations  of  moderate  amount,  resulting  in 
the  formation  of  terrigenous  deposits  of  many  ages  in  connection  with 
what  is  now  the  shallow  Barents  Sea.   If  any  volcanic  island,  outside 

^  Annual  Address  to  the  Victoria  Institute  for  1897. 
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the  oontinental  slope,  could  be  shown  to  contain  deposits  resulting 
from  continental  degradation,  it  would  be  difficult  to  maintain  that 
no  dry  land  had  existed  where  now  are  oceanic  depths ;  but  failing 
such  evidence  as  this,  we  must  be  content  to  regard  the  deep  Polar 
ocean  as  a  permanent  feature. 

Again,  as  a  more  especial  argument  for  breaking  up  the  existing 
North  Polar  basin,  it  has  been  pointed  out  that  the  strike  of  the 
rocks  and  the  trend  of  the  mountain  chains  for  the  most  part  run 
north  and  south,  ending  abruptly  on  its  margin.  The  idea  is  that 
these  mountain  chains,  having  what  is  called  a  'Ural  orientation,' 
once  extended  further  north,  and  have  in  some  unaccountable  way 
b€»en  removed  or  cut  short.  Undoubtedly,  we  know  so  little  of  the 
true  termination  of  these  highland  areas  that  no  theory  can  safely  be 
founded  on  their  apparent  truncation.  There  are,  however,  other 
regions  where  a  mountain  range  is  obviously  truncated  by  the  sub- 
oceanic  continental  slo^ie — notably  the  Cantabrian  chain  in  the  north 
of  Spain,  which  may  be  said  to  disappear  suddenly  in  2,000  fathoms 
of  water.  As  a  possible  explanation  I  would  suggest  that  such 
disappearance  is  due  to  tectonic  failure  in  the  process  of  mountain- 
making,  such  mountain  -  making  being  especially  connected  with 
continental  elevation.  On  approaching  the  margin  of  an  oceanic 
area  another  set  of  tectonic  conditions  prevails.  In  this  way  the 
mountain  range  fails  from  internal  causes,  and,  therefore,  any  theory 
accounting  for  its  removal  becomes  superfluous. 

{To  be  continmd.) 


II. — Notes  on  the  Geology  of  West  Swaziland,  South  Africa. 

By  Professor  T.  Rupekt  Jones,  F.R.S.,  F.G.S. 

MR.  SYDNEY  RYAN,  of  D  trkton,  Managing  Director  of  the  Ryan 
Tin  Mines,  situated  on  the  Embabaan  River  in  West  Swaziland, 
has  collected  and  sent  to  England  a  large  collection  of  rock-specimens 
from  the  Ingwenya  Berg,  the  dominating  feature  of  the  district. 
He  has  also  provided  plans  and  sections  of  the  district,  which  are 
here  partly  reproduced.  The  specimens  have  been  presented  to  tlie 
Mineralogical  Department  of  the  British  Museum,  together  with 
a  complete  catalogue,  having  reference  to  the  Sections  referred  to 
above,  and  indications  of  the  lithological  characters  of  the  140  speci- 
mens.^ Mr.  G.  Th.  Prior,  F.G.S.,  has  kindly  aided  the  writer  in 
the  critical  examination  of  the  rocks,  and  is  communicating  a 
description  of  those  of  economic  value  to  the  forthcoming  number  of 
the  Mineralogical  Magazine.  They  include  niobates  and  titanates 
of  the  rare  earths,  chemically  allied  to  Euxenite  and  Fergnsonite, 
Monazite  containing  Thoria,  Casditerite  crystals  of  peculiar  habit  in 
matrix.  Corundum,  and  Scheelite. 

Our  friend  Mr.  John  Ballot,  F.G.S.,  who  knows  Mr.  S.  Ryan  and 
the  district  very  well,  has  favoured  the  writer  with  much  information, 

*  The  specimens,  labelled  and  numbered,  are  individually  referred  to  as  beloujring 
to  tbe  Beveral  divisions  of  the  three  preat  sections,  X.  T,  Z,  at  the  end  of  this  paper, 
with  some  unavoidable  irregularity  in  the  successioual  numbers.     (See  pp.  liu,  111.) 
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both  from  his  own  knowledge  and  from  ooramunication  with  Mr.Kyan, 
wLo  has  a  clear  notion  of  the  struoture  of  the  district,  as  showu  by 
his  plan  and  sections. 

In  the  course  of  his  researches  in  the  tin-bearing  gravels  of  the 
Emhabaan,  Mr.  Ryan  found  some  very  line  stone  implements,  made 
and  used  by  earlier  occupants  of  the  country.  He  also  discovered 
the  rock,  in  si/ti,  of  which  these  ancient  tools  were  made.  These 
large  South  African  implements  have  been  described  and  illustrated 
in  the  Journal  of  the  Anthropological  Institute,  new  series,  vol.  i 
(1898),  pp.  48-54,  pis.  iii  and  iv.  They  consist  of  varieties  of  the 
grey  and  black  lydianized  and  my  Ionized  grit  and  breccia  of 
isection  T,  division  o,  which  passes  along  near  the  middle  of  the 
Ingwenya  Berg,  as  a  constituent  of  the  western  limb  of  the  great 
BjDclioe  in  that  mountain  range. 

The  chief  feature  observable  in  Mr.  Ryan's  plan  of  the  Forbes 
Reef  Gold-mining  Company's  property,  Fig.  1,  and  in  the  Sections, 
%8.  2  and  3,  is  the  occurrence  of  a  great  syncline  of  various 
Bchistose  rocks  in  the  Ingwenya  Berg.  This  is  traversed  by 
Sections  Z  and  T,  from  S.S.E.  to  N.N.W.  (70,000  feet,  about  18| 
miles),  and  further  to  the  south-west  by  the  nearly  parallel  Section  X 
(on  the  Ryan  Tin-mining  Company's  property),  which  repeats  some 
part  of  Section  T,  and  reaches  further  to  tlie  west  into  the  Transvaal 
("eeFig.  1). 

Section  Z  (Fig.  2),  reaching  from  the  granitic  hills  on  the  S  S.E. 
Wder  of  the  Forbes  Reef  Gold-mining  Company's  property,  passes 
across  the  Ingwenya  Berg,  and  is  continuous  on  the  N.N.W.  with 
the  Section  T  (Fig.  2),  which  reaches  the  western  limit  of  the  same 
property,  conterminous  with  the  Transvaal. 

ejection  T  is  continuous  on  the  N.N.W.  with  Section  Z,  and  meets 
the  Transvaal  border  at  about  63,750  feet  (about  12-iV  miles)  from 
the  south-western  angle  of  the  Forbes  Reef  Gold-mining  Company's 
property. 

Section  X  (Fig.  1),  running  west  and  east,  is  65,625  feet  (about 
^^  miles)  south  of  Section  T,  and  at  an  angle  of  45°  with  it,  and 
parallel  with  a  part  of  the  south  boundary  of  the  Forbes  Reef  Gold- 
Diining  Company's  property,  which  divides  it  from  the  Ryan  Tin- 
fining  Company's  property. 

Between  Sections  Z  and  T  a  narrow  space,  about  5,655  feet  (more 
than  a  mile)  broad,  on  the  N.N.W.  half  of  the  Ingwenya  Berg  and 
passing  nearly  north  and  south,  is  coloured  yellow  and  marked 
"conglomerate  "  on  Mr.  Ryan's  plan  of  the  Forbes  Reef  Gold-mining 
^;pmpany's  property  (Fig.  1).  This  band  corresponds  with  the 
^'vision  c  of  Section  T,  about  6,000  feet  broad  (specimens  Nos.  83- 
^^)i  belonging  to  the  western  limb  of  the  local  syncline.  The 
'^'ghest  part  of  the  Berg  (6,*321  feet)  is  a  prominent  part  of  the 
^tern  limb.  This  "  conglomerate  "  evidently  passes  through  the 
*iuthern  boundary  of  the  Forbes  Reef  Gold  -  mining  Company's 
property.  Its  northern  extent  is  not  defined  on  the  plan  further 
than  22,500  feet  (about  4J  miles)  north  of  Ingwenya  Berg  summit 
'^'he  division  o  of  Section  T  consists  of  hard  grit  and  breccia  of  lydite. 
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LTtz-rook,  ftnd  •oni«  jasper,  with  sUioeoua  oern«nt.  Borne  of  the 
leriala  of  this  rook  luive  been  greatly  eqaeezed,  oruebad,  and 
Ionized. 

[f  tbe  itnta  of  Section  T  be  oootinued  with  th«  ume  atrike  as 
it  shown  by  the  "conglomerate"  band  (whioh  in  Hr.  Byan's 
IB  of  the  Forbes  Keef  Gold-mining  Company's  property  puses 
liqtiely  aoroes  tbe  Ingwenya  Berg  on  tlie  western  side  of  the 
nmit,  Fig.  1),  throngh  the  Section  T  towards  X,  the  etraU  Tb 
*j  be  found  in  X  o,  and  T  a  in  X  r,  as  the  latter  section  trends 
Mtwtrd ;  and,  further,  X  d,  o,  b,  and  a  oontinua  the  suooesiion  on 
I  tlte  granite  in  the  Transraal.  These  bedg  in  Seotion  X  (Fig.  3) 
ip  to  the  east,  at  a  high  angle ;  and  are  evidently  not  only 
onfonaably  oontinuuiis  with  the  "  oonglonierale  "  band  of  the  plan 
'fiai  u,  the  breooia  of  T  a,  Fig.  2),  but  with  the  whole  of  the 
[iMt  i^nuliae. 


A  part  of  the  eastern  limb  of  the  eyncline  is  not  represented  hy 
P^mena ;  but  in  tbe  general  aectlon  (not  given  here)  it  is  shown 
'be  more  'vertical,  and  consequently  more  compressed.  Moreover, 
'  1  immediately  saoceeded  on  the  S.S.E.  by  a  repetition  of  T  b  anil 
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T  A,  as  parts  of  the  same  syncline.  Further  on,  Section  Z,  divisions 
D,  0,  B.  and  A,  conformably  succeed,  the  last  resting  against  gneiss 
and  granite. 

In  Section  X,  its  eastern  divisions  o  and  f  are  the  equivalents  of 
Tb  and  a,  and  these  are  succeeded  by  the  equivalents  of  Zd,  o,  b, 
and  A,  in  succession,  as  far  as  the  granitic  rocks  on  the  west  It  thus 
constitutes  the  western  portion  (about  15,500  feet,  less  than  three 
miles)  of  the  syncline,  the  diameter  of  which  is  about  45,000  feet, 
or  about  8^  miles. 

The  strike  of  the  schistose  rocks  on  the  eastern  side  of  the  synoline 
of  Ingwenya  Berg,  if  continued,  would  lead  them  into  the  Kaap 
Eiver  Goldfield,  as  part  of  Schenck*s  Swaziland  schists. 

Mr.  Ryan  has  discovered  a  place  where  the  natives  in  ancient 
times  made  their  stone  implements  by  chipping,  the  relics  of  flakes 
being  there  in  abundance.  This  locality  is  on  the  north-west  faoe 
of  the  Makonjwa  Range,  which  is  a  northern  continuation  of  tlie 
Ingwenya  Berg.  It  is  shown  in  Mr.  Ryan's  map  of  the  district  as 
being  on  the  eastern  border  of  the  Kaap  River  Goldfield,  and  about 
six  miles  south-east  of  Barberton,  where  more  or  less  dressed  flakes 
of  black  siliceous  schist,  together  with  others,  have  been  found. 

/"  Section  X  (Fi^.  3). 

A,  97-103.     Micaceous,  homblendic,  and  actinolitic  schists =  Za 

B,  104-106  and  124.     Talcose  schists.     'Auriferoos*  =  Zb 

Swazi  Border,  Costom  House. 

c,  107-111.     Quartz -schist  and  gneiss  =  Zc 

(Buse  metal  line. 

^(112-123.     Quartzite  and  quartz-schists,  some  talcose     =  Zd 

F,  128-131  and  125-127.      Micaceous  quartz -scliist,  phyllite,   and 

niemanie         ...         ...         ...         •..         ...         ...         ...  ^^xa 

o.     (No  specimens.)       ...        ...        ...        ...        ...        ...         ...  =Tb 


o 
ca 

o    ^ 


a 
>^ 

a 

in 

O 


e 

tr. 

a 


Section  T  (Fij?.  2). 
Swazi  Border. 

A,  38-66.     Black  siliceous  schist  (Ivdite),  handed  with  quartz -schist, 

arjrillaceous  schist,  talcose,  niicaccous,  and  liomblendic  schists         =  X  f 
(Black  rock,  marked  *  A,' 
^  (57-82.   Argillites,  siliceous  schists  fsome  black) ,  micaceous  schists, 

and  banded  ouartzite,  jasper,  and  hicmatito  =  Xo 

(Red  jasper,  markea  *  B  b.' 
^  (83-96.     Siliceous  grit  and  breccia,  Ivdianized  =  **  conglomerate'*  band  in 
Fig.  1. 

Here  is  a  repetition  of  T  c,  T  b,  and  T  a,  in  part  of  the  eastern  limb  of  the 
syncline. 

Section  Z  (Fig.  2). 

(35,  36,  17-19,  37,  and  34.     Talc-schist  and  quartzite =  Xd 

( Base  metal  line. 

c,  31,  16,  32,  33.    Micaceous  schist  and  decomposed  gneiss =  Xc 

Forbes  Reef — auriferous. 

B,  7-10,  30,  12-15.     Serpentine  and  serpentine -schists.     *  Auriferous  '     =  Xb 
A,  4-6  and  11.     Quartzite  and  mica-schist  (No.  4) =  Xa 

^1,  1,  2,  3.    Gneiss  (fine-  and  coarse-grained)  =  X  *  Granite.' 
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The  illmtrations  accoin]Mui7iiig  Mr.  S.  Ryan's  specimens  are  : — 

1 .  Map  of  the  country  between  the  Transvaal  and  the  Indian  Ocean  from  26°  30' 
to2r. 

2.  Section  across  the  country  from  Steynsdorp  to  the  Indian  Ocean. 

3.  Fio.  1. — Plan  of  the  Forbes  Reef  Uold-mining  Company's  property  in  Swazi- 
land, including  the  lines  of  Sections  Z  and  T,  and  Section  A  in  the  Ryan  Tin-mining 
Company's  property  at  Darkton.     (See  p.  106.) 

4.  Fio.  2.— The  Sections  T  and  Z  in  the  Forbes  Reef  Gold-mining  CompaDy*s 
property.     (See  p.  108.) 

o.  Fio.  3. — The  Section  X  in  the  Ryan  Tin-mining  Company's  property  (p.  109). 
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III. — The  Age  of  tub  Vale  of  Clwyd. 
By  A.  Stkahax,  M.A.,  F.G.S. 

^R  many  years  the  New  Red  Sandstone  of  the  Yale  of  Clwyd 
1.'  was  shown  upon  the  maps  as  resting  generally  on  Carboniferous 
Limestone,  but  frequently  overlapping  it  so  as  to  pass  on  to  the 
Burrounding  Silurian  strata.  No  faults  were  indicated,  and  tlie 
itmctare  of  the  Yale,  as  represented,  suggested  that  a  pre-Triassio 
lyncline  here  existed,  within  which  a  remnant  of  Carboniferous 
rocks  had  been  preserved  from  denudation  and  which  had  formed 
ft  bay  in  the  Triassio  coastline. 

In  1880,  however,  when  Sir  A.  Ramsay  was  engaged  upon  the 
Koond  edition  of  his  Memoir  on  North  Wales  (vol.  iii  of  the 
llemoirs  of  the  Oeologioal  Survey),  doubts  had  arisen  respecting 
tbe  correctness  of  the  map,  and  I  received  instructions  to  make 
»  preliminary  examination  of  the  margins  of  the  Vale.  This  I  did 
in  company  with  Mr.  Aveline,  and  the  results  were  used  by  Ramsay 
in  writing  chapters  xxxii  and  xxxiii  of  the  memoir  referred  to. 

Subsequently  the  resurvey  of  Flintshire  on  the  six-inch  scale, 
^hich  was  then  in  progress,  was  carried  so  far  as  to  include  the 
^bole  of  the  Vale  except  its  extreme  southern  end  and  a  portion 
of  its  western  side  lying  south  of  Denbigh.  The  western  side  north 
of  Denbigh  was  surveyed  by  Mr.  TiJdeman,  and  the  remainder  by 
Myself.  A  description  of  the  geology  appeared  in  the  Memoir  on 
J^hyl,  etc.  (1885),  so  far  as  related  to  Quarter-sheet  79  N.W.,  and 
m  the  Memoir  on  Flint,  etc.  (1890),  so  far  as  related  to  Quarter- 
8Wt  79  S.E.  The  Quarter-sheets  79  S.W.  and  74  N.E.  were  also 
orought  up  to  date  in  1895,  so  far  as  was  possible  without  a  complete 
resiirvey. 

Briefly  stated,  the  results  of  the  resurvey  went  to  show : — That 
'yo  subdivisions  of  the  Carboniferous  system  were  represented  in  the 
'^le,  namely,  the  Carboniferous  Limestone  and  some  purple  sand- 
stones and  shales  lying  conformably  upon  it  * : — That  these  strata 

'  Although  lying  oatside^the  subject  of  the  present  paper,  the  history  of  these  strata 


''^fr^'stwi  that  they  would  probably  prove  to  be  Carboniferou**  (Cjkol.  Mag.,  Vol.  II, 
M76j.  During^  the  resurvey  of  1881  it  was  readily  seen  that  the  purple  measures 
^.T  directly  and  conformai)lv  upon  the  limestone,  but  were  uncontormably  overlapped 
y.^the  Tnas.  They  were  known,  moreover,  to  contain  thin  seams  of  coal,  and  to 
delude  strata  inditftinguishabie  in  tint  or  character  from  Coal-measures.     Their 
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were  faulted  down  against  the  Silurian  rooka  all  along  the 
eastern  side  of  the  Vale  by  a  great  compound  fracture,  to  which 
the  name  of  ''Yale  of  Clwyd  Fault"  seemed  suitable,  and  were 
repeatedly  displaced  on  the  western  side  of  the  Vale  by  a  series  of 
what  seemed  to  be  branches  from  that  great  fracture: — That  the 
Trias  nowhere  overlapped  the  whole  of  the  Carboniferous,  as  formerly 
supposed,  but  generally  rested  upon  the  purple  strata;  though  it 
frequently  overlapped  them  and  a  considerable  part  of  the  limestone 
also,  it  was  never  directly  in  contact  with  the  Silurian  rooks,  except 
where  faulted  against  them : — That  the  faulting  was  certainly  in 
part  post-Triassio,  but  that  much  of  it  had  been  accomplished  in 
pre-Triassic  times. 

In  the  years  1897-98  Mr.  Morton^  published  the  results  of 
a  detailed  examination  of  the  whole  Vale,  including  those  parts  to 
which  the  six-inch  resurvey  had  not  extended,  and  added  not  a  little 
to  what  was  already  known  in  a  district  where  the  prevalence  of 
Drift  and  scarcity  of  sections  makes  every  observation  important. 
He  concluded  that  the  faults  were  wholly  post-Triassic,  and  remarks 
that  he  ''  failed  to  find  a  satisfactory  section  showing  the  Trias 
overlapping  any  portion  of  the  Carboniferous  Limestone  or  the 
Purple  Sandstone,"  and  further  on  says  that  *'  the  assumption  that 
the  faults  are  partly  of  pre-Triassio  age  and  partly  post-Triasaio 
seems  to  arise  from  a  lingering  faith  in  the  old  Map  of  1860,  and 

Carboniferous  age,  therefore,  was  no  longer  left  in  doabt,  but  there  renuuDied  the 
diiHculty  that  they  were  quite  unlike  the  rocks  which  lie  next  above  the  limestone  in 
East  Flintshire. 

The  East  Flintshire  Millstone  Grit  is  of  an  abnormal  type,  for  though  in  the 
southern  part  of  the  county  it  couKists  of  quartz -grits  and  conglomerates  of  the  usual 
character,  towards  the  north  it  passes  almost  wholly  into  chert.  With  neither  of 
these  txpes  had  the  purple  measures  anything  in  common,  but  after  some  little  search 
I  was  able  to  match  them  exactly  in  some  micaceous  sandstones  and  shales  which  lie 
between  the  Millstone  Grit  and  Middle  Coal-measures  near  Mold,  and  which  may  be 
supposed  to  belong  to  the  I^ower  Coal-measures  of  other  regions.  Subsequently, 
when  the  mapping  showed  that  the  Millstone  Grit  locally  thinned  out  in  Mid-Flint- 
shire ("  Geology  of  Flint.**  etc.,  p.  63),  leaving  the  supposed  Lower  Coal-measures 
in  direct  superposition  to  the  limestone,  I  atttiched  more  importance  to  the  lithological 
affinities  of  the  purple  strata,  and  concluded  that  they  also  were  probably  younger 
than  the  Millstone  Grit  (ibid.,  pp.  33,  09). 

Mr.  Morton,  however,  states  that  '*the  Purple  Sandstone  and  Shale,  coloured  ai 
Coal-measures  on  the  Map,  are  really  on  the  horizon  of  the  Upper  Black  Limestone 
of  Prestut}!!  and  the  Arenaceous  Limestone  of  Mold,  subdivisions  which  do  not  belong 
to  the  Coal-measures**  (Proc.  Liverpool  Geol.  Soc.,  1897-8,  p.  280).  This  is  true 
in  the  sense  that  they  rest  upon  the  **  Upper  Grey  Limestone  of  his  classification, 
but  it  is  not  the  case  that  they  represent  or  pass  horizontally  into  the  black  limestones. 
These  latter  are  strictly  local  in  their  development,  and  thicken  and  thin  rapidly  in 
East  Flintshire.  In  South  Flintshire  they  are  represented  by  alternations  of  sandy 
limestones  and  sandstones,  and  in  a  corresponding  position  in  the  south  end  of  the 
Yale  of  Clwyd  strata  of  this  character,  though  poorly  developed,  are  seen  dipping 
beneath  the  purple  beds. 

This  poor  development,  the  absence  of  the  black  limestone,  and  the  local  thinning 
out  of  the  Millstone  Grit,  may  be  taken  with  the  general  attenuation  of  the  limestone 
as  indications  of  a  Carboniferous  shore-line  at  no  great  distance  westwards,  the  only 
evidence  we  possess  that  Snowdonia  had  commenced  existence  as  an  elevated  region 
in  Carboniferous  times. 

^  Proc.  Liverpool  Geol.  Soc.,  1897-S,  pp.  32  and  381. 
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a  relactance  to  lupersede  it  by  an  entirely  new  explanation  of  the 
atnicture  of  the  Yale."     I  would  point  out,  however,  the  map  of 
1850  was  in  fact  saperseded  by  an  entirely  new  explanation,  the 
same  which  is  now  adopteii  almost  in  its  entirety  by  Mr.  Morton. 
Of  this  he  had  fall  opportunity  of  judging  both  from  the  publications 
on  the  district  and  from  periodical  inspections  of  my  field- maps, 
while  he  was  completing  his  field-work.     We  differ  only  on  the 
theoretical  question  whether  the  faulting  is  in  part  pre-Triassic.   That 
my  reasons  for  believing  it  to  l)e  so  have  not  carried  conviction, 
makes  me  fear  that  1  have  not  stated  them  with  sufficient  clearneHS. 
The  displacement  of  the  Vale  of  Clwyd  Fault,  which  may  be 
anything  over  1,500  feet,  is  usually  effected  by  two  or  three  parallel 
fnctares,  rarely  more  than  100  yards  apart.    The  fault  runs  somewhat 
we»t  of  north  on  the  whole,  but  becomes  nearly  north  and  south 
at  its  southern  termination.      Wliere  there  are  three  fractures,  as 
often  happens,  the  first  throws  limestone  against  Silurian,  the  second 
throws  the  purple  beds  against  the  limestone,  and  the  third  Trias 
against  the  purple  beds,     in  other  cases  the  Trias  is  faulted  against 
the  limestone  or  even  directly  against  Silurian  rocks.     On  the  west 
vide  of  the  Yale  the  strike  of  the  Carboniferous  rocks  is  not  along 
but  across  it     Thus  they  would  close  it  in  at  Denbigh  were  they 
not  thrown  down  by  a  large  north-and-south  fault,  which  shifts 
their  outcrop  a  mile  and  a  half  southwards,  and  it  is  by  several 
repetitions  of  this  structure  that  the  Vale  has  been  carried  its  total 
length  of  20  miles  into  the  heart  of  the  Silurian  ui)land8.      These 
faults,  having  a  general  north-and-south  direction,  preKumably  run 
into  the  Vale  of  Clwyd  Fault  northwards.      That  they  were  con- 
temporaneous  with    it   is   sug<2^e8ted    by    the    fact   that    they    also 
obviously  break  through  the  Trias. 

Although  I  do  not  know  of  any  case  where  this  arrangement  of 
main  fault  and  branches  can  be  exactly  matcljed,  the  Vale  of  Clwyd 
Fault  belongs  to  one  of  the  most  consistently  developed  systems  in 
the  British  Isles.  The  system  is  characterized  everywhere  by  its 
N.N.W.  direction.  In  West  Cumberland  the  red  rocks  are  repeatedly 
shifted  by  such  faults,  while  they  pass  quite  undisturbed  over  some 
huge  fractures  ranging  S.E.  to  N.W.  in  the  Carboniferous  strata. 
The  Pennine  Fault,  to  which  the  Vale  of  Eden  owes  its  existence, 
has  the  N.N.W.  direction,  and  is  also  partly,  at  least,  of  post-Triassio 
age,  though  it  follows  the  line  of  a  far  larger  pre-Triassic  dislocation. 
The  Dent  Fault  is  presumably  of  the  same  age.  In  South  Lancashire 
the  Triassic  outcrop  is  repeatedly  shifted  by  faults  of  this  direction, 
while  in  North  Wales  there  is  a  well-marked  system  of  N.N.W. 
faults  or  *  cross-courses,'  which  are  believed  to  be  of  later  date  than 
the  east  -  and  -  west  faults  or  *  lodes.' *  The  same  relation  holds 
good  in  Cornwall  also  between  the  cross-courses  and  hxles.^  In 
Worcestershire  and  North  and  South  Staffordshire  tlie  N.N  W.  post- 
Triassic  system  is  well  exhibited,  and  includes  one  fracture  injected 

«  "  Geolojry  of  Flint.  Mold,  and  Ruthin.'* 

*  De  la  Beclie,  "  Report  on  tlio  Geology  of  Cornwall,   Devon,  and  SomiT>('t,'* 
1839,  pp.  366-7. 
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with  basalt  of  a  Tertiary  type.^  In  South  Wales  recent  work  lias 
showti  that  the  N.N.W.  faults  which  intersect  the  coalfield  with 
curious  regularity  are  of  later  date  than  the  east-and-west  folds, 
and  are  in  part,  at  least,  post-Liassic.  Lastly,  in  Somerset  and 
Devon  a  similar  set  of  faults  is  known  to  be  of  post-Cretaceous  age, 
while  the  great  disturbances  and  overth rusts  in  the  Carboniferous 
rocks  of  those  counties  are  pre-Triassic.  Assuming  that  all  these 
N.N.W.  dislocations  were  contemporaneous,  so  far  as  regards  their 
post-Triassic  e£fects,  we  still  can  prove  no  more  than  that  they  are 
post-Cretaceous.  It  is  probable,  however,  that  they  are  principally 
of  Miocene  age,  and  due  to  the  same  knovements  which  led  to  the 
fracturing  of  the  north-west  part  of  the  British  Isles  and  the  injection 
into  the  cracks  of  an  almost  infinite  number  of  basaltic  dykes. 

That  the  Yale  of  Clwyd  Fault  is  also,  in  part  at  least,  of  post- 
Triassic  age,  is  certain  from  the  fact  that  the  Trias  is  repeatedly 
shifted  by  both  it  and  its  branches.  It  is  obvious,  moreover,  that 
that  rock  must  have  been  tilted  along  the  line  of  fault,  for  the 
current-bedding  planes  dip  at  50^  or  60°  from  the  fault,  an 
impossibly  steep  angle  to  be  due  to  deposition  in  either  air  or 
water.  The  existence  of  pre-Triassic  disturbance  can  therefore  only 
be  determined  by  eliminating  the  post-Triassic  movements  and 
ascertaining  the  position  which  had  been  assumed  by  the  Carboni- 
ferous rocks  in  pre-Triassic  times.  This  can  be  done  by  observation 
of  the  overlap  of  the  Carboniferous  by  the  Triassic  strata. 

In  the  north  and  north-eastern  part  of  the  Yale  we  know  nothing 
of  the  relations  of  the  two  formations  beyond  the  fact  that  Coal- 
measures,  dipping  steeply  to  the  north-west,  are  thrown  by  the  Yale 
of  Clwyd  Fault  against  the  limestone  at  Dyserth  and  Meliden, 
while  two  boreholes  out  in  the  plain  at  Rhyl  and  Prestatyn  proved 
red  sandstone  believed  to  be  partly  of  Triassic  and  partly  of  Carboni- 
ferous age.'  Though  we  have  no  clue  to  the  exact  origin  of  the 
measures  there  proved,  it  is  obvious  that  they  are  not  likely  to  be 
low  down  in  the  Millstone  Grit,  while  they  may  well  belong  even 
to  the  Middle  Coal-measures. 

At  Bodfari,  on  the  other  hand,  it  appears  that  the  limestcme  must 
have  been  directly  exposed  to  the  TriasfiiG  waters,  for  it  displays  the 
partial  conversion  into  haBmatite  which  is  so  commonly  developed 
under  such  circumstances.  The  limestone,  moreover,  belongs  to  the 
lower  part  of  the  formation,  which  suggests  that  not  only  the  Coal- 
measures  but  nearly  all  the  limestone  itself  was  here  overlapped. 
The  evidence,  however,  is  more  suggestive  than  conclusive. 

Further  south  we  find  a  narrow  strip  of  the  purple  beds  faulted 
in  between  the  Trias  and  the  limestone,  while  at  Plas  Draw  there 
was  in  1881  a  section  showing  Trias  unconformably  banked  against 
a  little  cliff  cut  out  of  purple  beds.  The  Triassic  overlap  diminishes 
therefore  from  Bodfari  southwards,  and  it  seems  to  be  in  consequence 
of  this  that  there  is  so  considerable  an  exposure  of  the  purple 
strata  in  the  Llanbedr  Farm  Dingle. 

1  W.  W.  WattH,  Proc.  Geol.  Assoc.,  1898,  p.  399. 
»  "  Geolog)'  of  Rhyl,"  etc.,  p.  27. 


A.  8trahan—The  Age  of  the  Vale  of  Clwyd.  115 

Thenoe  to  the  sonth  end  of  the  Yale  we  get  repeated  exposures 

of  the  parple  strata,  and  no  positive  proof  of  their  being  anywhere 

wholly  overlapped.     Even  here,  however,  there  would  have  been  no 

reason  to  doubt  the  existenoe  of  a  great  unconformity,  for  I  noticed 

that  the  lower  beds  of  the  Trias,  in  a  little  escarpment  at  Garth- 

gynan,  contained  bands  made  up  apparently  of  the  resorted  material 

of  the  pnrple  beds  with  what  seemed   to  be  small  fragments  of 

Silurian  shale.     The  occurrence  of  such  fragments  would  at  once 

prove  that  the  Trias  0Terlapi)ed  the  whole  of  the  Carboniferous 

system,  and   would  demonstrate  the  existence  of  a  pre  -  Triassic 

syncline,  but  I  was  unable  to  determine  them  with  certainty. 

At  the  extreme  southern  end  of  the  Yale  the  synclinal  arrangement 
of  the  Carboniferous  strata  is  fully  revealed.  The  limestone  dipping 
north-west  at  Tyn-y-berllan  swings  round  to  an  easterly  dip  near 
Bryn-ffynnon,  and  in  the  trough  thus  formed  encloses  a  small  thickness 
of  the  purple  beds.  The  Trias  comes  on  close  by  in  the  line  of  the 
Bynoline,  but  appears  to  be  nearly  horizontal,  while  the  Carboniferous 
rucks  are  more  or  less  tilted.  The  same  remark  holds  good  of  the 
two  formations  east  of  Llanfair  Dyffryn  Clwyd,  but  the  observations 
Are  too  scanty  to  be  conclusive. 

More  importance  attaches  to  the  relations  of  the  Trias  to  the 

limestone  along  the  flanks   of  the   hills  west  of  Llanfair,  for  in 

following  the  base  of  the  Trias  along  these  hills  we  recede  from  the 

szis  of  the  syncline,  and  at  the  same  time  find  the  Trias  creeping 

across   the   edges  of  zone  after  zone  of  the  limestone,  until  near 

Bathin  half  that   formation   has   been   overlapped.     This   overlap 

>bow8  that,  whatever  synclinal  structure  tlie  New  Red  Sandstone 

'may  possess,  there  was  a  still  more  pronounced  syncline  in   the 

Carboniferous  rocks,  and  that  it  coincided  with  the  existing  syncline 

of  the  Yale  of  Clwyd.     Between  Kuthin  and  Denbigh  the  Trias  is 

believed  to  rest  generally  on  the  limestone,  but  in  four  places  the 

parple  beds  peep  out  between  the  two.     At  Llanfwrog  they  are 

thrown   against   the   northern   termination    of   the   Coed    Marchoii 

limestone-range  by  an   east-and-west  fault,   which   is   possibly  of 

pre-Triassio  age.     At  Bachymbyd  they  come  out  again  for  a  Khort 

distance,  and  with  the  limestone  below  them  and  the  Trias  abovo 

are  thrown  against  Silurian  rocks  by  the  Llunrhaiadr  fault.     IMie 

Trias,  however,  extends  to  no  great  depth  near  the  fault,  for  the 

stream  at  Llanrhaiadr,  below  the  waterfall  caused  by  the  fault,  has 

cut  down  to  the  purple  beds,  giving  the  third  of  the  four  exposures 

referred    to.      The   fourth   exposure   occurs   at   Pont  Ystrad,   and 

occupies  exactly  the  same  position  relatively  to  the  Denbigh  fault 

as  the  Bachymbyd  exposure  occupies  to  the  Llanrhaiadr  fault. 

Lastly,  we  have  the  large  area  of  purple  sandstones  and  shales 
which  were  found  by  Mr.  Tiddeman  to  extend  out  into  the  Yale  as 
far  as  St  Asaph.^  There,  again,  the  purple  beds  survived  pre-Triassio 
denudation  in  considerable  thickness. 

From  this  rapid  traverse  of  the  sections  along  the  base  of  the 

>  "  Geology  of  Rhyl,"  etc.,  p.  26. 
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Trias  we  Ree  at  onoe  that  it  is  quite  as  unconformable  to  the 
Carboniferous  rocks  in  the  Vale  of  Glwyd  as  it  is  everywhere  else. 
It  certainly  overlaps  much  of  the  limestone  in  places,  and  it 
certainly  reposes  upon  strata  some  hundreds  of  feet  above  the  top 
of  that  formation  elsewhere.  We  see  further  that  the  greatest 
thickness  of  Carboniferous  rocks  lies  in  the  synclinal  trough  under 
the  Trias,  and  that  along  the  margin  of  the  Vale  the  purple  beds 
are  usually  on  the  point  of  being  overlapped.  These  facts  can  only 
be  explained  on  the  supposition  that  the  Carboniferous  rocks  were 
bent  into  a  synoline,  and  preserved  from  denudation  thereby,  ia 
pre-Triassio  times.  From  the  intimate  connection  between  the 
syncline  and  the  faulting  it  would  seem  almost  certain  that  the 
latter  also  must  have  been  partly  pre-Triassic,  and  that  the  post- 
Triassic  disturbances  only  instituted  fresh  movements  along  old 
lines. 

In  this,  as  in  other  respects,  the  Vale  of  Clwyd  repeats  on 
a  small  scale  the  features  of  the  Vale  of  Eden.  Mr.  Goodchild, 
writing  on  this  subject  in  1897,'  states  of  the  Vale  of  Eden  that 
''  there  can  be  no  doubt  that,  so  far  as  the  faults  are  concerned,  they 
acted  as  planes  of  weakness  again  and  again  during  several 
geological  epochs.  Some,  probably  the  majority,  are  certainly  of 
3re-Carboniferous  age ;  but  it  can  easily  be  shown  that,  onoe  a  fault 
as  arisen,  newer  rocks  at  first  deposited  continuously  across  its 
outcrop,  have  been  dislocated  over  the  older  fractures,  sometimes  in 
directions  of  movement  the  opposite  of  the  original."  In  the  same 
chapter  he  informs  us  that  post-Carboniferous  (pre-Permo-Triassio) 
faults  followed  the  direction  of  pre-Carboniferous  line  of  fmcture, 
and  that  '*  the  differential  movements  accompanying  the  upheaval 
[of  the  Permo-Triassic  strata]  were  locally  repeated  yet  again  over 
the  older  lines  of  fault." 

The  overlap  of  the  Carboniferous  by  the  Triassic  rocks  gives  the 
best  proof  I  know  of  the  pre-Triassic  movements  in  the  Vale  of 
Clwyd,  but  I  may  add  that  a  strong  impression  was  left  in  my  mind 
after  seeing  all  the  sections  that  the  fracturing  and  displacement  of 
the  Trias  was  on  a  small  scale  compared  with  that  which  threw  the 
Carboniferous  in  a  fragmentary  condition  against  the  foot  of  the 
Silurian  ridge. 

With  the  great  pre-Carboniferous  movements  of  North  Wales  the 
Vale  Reems  to  have  no  connection  whatever.  The  Upper  Silurian 
strata  were  bent  into  a  multitude  of  small  folds,  roughly  cleaved, 
and  subjected  to  vast  denudation  before  the  Carboniferous  epoch 
commenced.  It  is  true  that  they  assume  a  broad  synclinal  arrange- 
ment between  the  Dee  and  the  Conway,  but,  as  pointed  out  by 
Ramsay,  the  synclinal  axis  does  not  coincide  with  the  Vale  of  Clwyd, 
but  lies  considerably  to  the  west  of  it.'  The  dip  of  the  Carboniferous 
Limestone,  moreover,  both  in  East  Flintshire  and  Denbighshire,  is 
sufficient  to  carry  it  clear  of  the  tops  of  the  Silurian  hills  wherever 

*  Geolo^cal  Surrey  Memoir  on  Applehv,  etc.,  p.  33. 

*  Memoirs  of  the  Creological  Survey,  vol  iii  (1881),  p.  307. 
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the  two  formations  are  not  faulted  together,  nor  in  the  rocks  them- 
Beives  is  there  any  indication  of  the  immediate  neighbourhood  of 
a  shore-line,  or  of  a  land-barrier  having  separated  the  Flintshire 
from  the  Denbighshire  areas.   Had  such  a  feature  as  the  Vale  existed 
when   the  Carboniferous  epoch   commenced,   the    Basement    Con- 
glomerates of  that  formation  would  have  certainly  revealed  it.     As 
a  fact,  they  are  almost  wholly  absent  along  the  Flintshire  escarpment 
and  along  the  east  side  of  the  Yale  of  Clwyd,  and  though  they  appear 
in  an  attenuated  form  at  the  north-east  end  of  the  Vale  and  extend 
oontinuously  from  the  south-west  end  near  Llanelidan  past  Denbigh 
ami  Abergele  to   Colwyn  Bay,^  they  always   tend   to   develop   in 
thickness  and  in  coarseness  of  conglomerate  northwards  and  west- 
urards,  but  neither  in  the  Vale,  nor  along  it,  but  away  from  it. 

The  history  of  the  Vale  of  Clwyd  commenced,  therefore,  by  the 
formation  of  a  deep  faulted  syncline  during  the  great  disturbances 
^hich  aflfected  all  the  British  area  at  the  close  of  the  Carbouiferous 
epoch.  During  the  Continental  period  to  which  those  disturbances 
led,  the  Carboniferous  rocks  were  deeply  denuded  from  the  anticlinal 
regions,  but  preserved  in  the  synclinal  folds.  Upon  the  faulted  and 
tilted  remnant  thus  left  in  the  Vale  of  Clwyd,  the  New  Red  Sand- 
stone was  overspread,  probably  overlapping  it,  though  how  far  no 
evidence  has  been  left  to  show.  Long  subsequently,  not  improbably 
in  Miocene  times,  a  new  and  widespread  disturbance  caused  renewal 
of  movement  along  the  old  fractures,  and  threw  the  New  Ked  Sand- 
stone also  into  the  form  of  a  faulted  trough,  at  the  same  time  that  it 
niost  have  emphasized  the  already  existing  syncline  in  the  underlying 
Carboniferous  strata. 


I^  E  "V  I  E  ^W  S. 

I. — Wachsmuth  and  Springer's  Monograph  on  Crinoids.* 

Sixth  and  Final  Notice. 

WE  have  now  considered  the  Introductory  and  Morphological 
Parts  of  this  great  work.  But  these*  though  of  more  general 
interest,  serve  but  as  foundation  for  the  main  structure,  the 
systematic  account  of  the  North  American  Camerate  crinoids.  This 
Systematic  Part  occupies  695  of  the  large  quarto  pages,  a  bulk  that 
may  astonish  those  who  regard  the  Ciinoidea  as  quite  a  small  class. 
Keally  the  system  of  the  crinoids  is  assuming  considerable  pro- 
portions ;  he  who  would  master  it  must  know  the  literary  history  of 
nearly  450  names,  and  must  be  prepared  to  classify  some  250  valid 
genera.  Moreover,  the  number  of  known  genera  and  species  in- 
creases with  alarming  rapidity ;  13  genera  and  250  species  were 
described  as  new  during  1896  and  1897. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xxxv,  p.  268  (1879). 

'  The  North  American  Crinoldea  Caraerata.  By  C.  Wachsmuth  and  F.  Springer. 
Mem.  Mu8.  Comp.  Zool.  Harvard,  voh*.  \\  and  xxi,  ccmtainiug  838  pp.  and  83  platt^s. 
(Cambridge,  U.S.A.,  May,  1897.)  For  First,  Second,  Third,  Fourth,  nnd  Filth 
Notices,  see  Geol.  Mao.  for  June,  July,  September,  and  November,  1898,  and 
January,  1899. 


118    Reviews — Wachsmuth  ^  Springer^s  Monograph  on  OritUHtb. 

The  valne  of  a  work  like  the  present  depends  less  on  the  nnmber 
of  new  forms  it  makes  known,  than  ou  the  care  with  which  it 
revises  previous  descriptions,  confirms  or  rejects  previous  proposals, 
and  summarizes  with  hicidity  the  valid  residue.  It  must  have  been 
A  disappointment  more  bitter  to  the  authors  than  it  will  be  to  their 
readers,  when  they  found  that  they  could  not  make  a  monog^ph  even 
of  80  restricted  a  portion  of  the  field  either  complete  or  authoritative. 
Long  years  of  labour  in  field  and  study,  the  accumulation  of  literature 
in  a  Western  town,  the  unwearying  collection  and  comparison  of 
specimens  new  and  old,  all  were  deprived  of  their  full  and  deserved 
efifect  when  it  was  found  impossible  to  examine  a  number  of  type- 
specimens,  and  when,  during  the  very  years  that  the  work  was  printing, 
less  careful  or  less  learned  writers  were  grinding  out  descriptions 
of  species  with  a  truly  indecent  haste.  It  was  found  impracticable 
to  alter  the  manuscript  to  any  great  extent  after  it  was  first  sent  to 
the  printers  on  September  Ist,  1894.  Consequently  it  is  very 
important  that  all  species  published  elsewhere  between  that  date 
and  May,  1897,  should  undergo  revision  and  comparison  with 
species  first  described  in  the  Monograph.  Till  this  is  done  and 
till  all  type-specimens  have  been  compared,  we  cannot  look  for 
a  standard  list  of  North  American  Camerate  Crinoids. 

I'he  Systematic  Part  opens  with  a  section  headed  *  Classification.' 
With  the  broad  lines  of  the  classification  of  Crinoidea  here  proposed 
I  have  dealt  elsewhere,'  while  previous  chapters  of  the  present 
review  have  touched  on  minor  details  connected  with  the  classifica- 
tion of  the  Inadunata  and  Flexibilia.  On  the  present  occasion 
attention  may  be  confined  to  the  treatment  of  the  Camerata. 

The  Camerata  are  defined  (p.  169)  as  '*  Crinoids  in  which  the 
lower  brachials  take  part  in  the  dorsal  cup.  All  plates  of  the  calyx 
united  by  close  suture.  Mouth  and  food-grooves  closed.  The  top 
joint  the  youngest  in  the  stem.*'  If  such  genera  as  ActinoerinuBf 
CorcocrinuB,  Idiocrinua,  BeteocrinuB,  and  JSnaliocrinua  are  all  to  be 
included  in  one  Order,  then  one  could  hardly  have  a  longer 
dingnosis ;  even  as  it  stands,  it  is  doubtful  whether  the  criteria  can 
be  applied  throughout.  For  instance,  it  is  only  by  stretching 
a  point  that  any  brachials  can  be  said  to  take  part  in  the  cup  of 
CoccocrinuB  ;  one  would  not  naturally  suppose  that  the  minute  and 
irregular  interbrachials  of  Beteocrinida)  were  united  by  close  suture ; 
it  is  doubtful  whether  the  food-grooves  of  the  tegmen  (which  are 
what  the  authors  mean)  were  closed  in  IdiocrinuB;  as  for  the  last 
of  the  characters,  it  may  be  constant,  but  it  is  said  also  to  characterize 
all  Inadunata. 

Broadly  speaking,  no  doubt,  the  essential  features  of  the  so-called 
Camerata  are  the  incorporation  of  brachials  in  the  cup  by  means  of 
interbrachials  and  the  rigid  fixation  of  all  calycal  elements.  But  it 
is  admitted  (p.  154)  that  these  characters  are  essentially  modifications 
imposed  on  an  Inadunate  type,  and  it  must  further  be  conceded  that 

^  '*  Wacbsrauth  and  Springer's  Classification  of  Crinoids":   Natural  SeUnct^ 
xii,  pp.  337-34d ;  May,  1»98. 
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tbey  arose  in  different  branches  at  different  times.     Whereas  the 
Melocrinidsd  (sentH  W.  &  Sp.)  existed  alrea<1y  in  Lower  Ordovician 
times,    the   rise   of  the   Platycrinid»   is   traceable   in  the  Middle 
and  Upper  Silurian,  at  which  time  also  the  Crotaloorinidie,  which 
"represent  a  different  degree  of  departure   from   the    Inadunate 
plan"  (p.  164),  first  made  their  appearance.     Tlie  question  that  con- 
fronts ns   here,  as   in  other  Classes  of  living  beings,  is  whetiier 
similarity  of  modification  is  to  have  more  classificatory  weight  than 
admitted  differences  of  descent.     From  the  day  when  the  cetaceans 
were  first  separated  from  the  fish,  there  has  been  an   increasing 
tendency  to  answer  this  question  in  the  negative,  no  matter  when 
or  where  it  comes  up  for  solution. 

Even  Wachsmuth  and  Springer  admit  the  heterogeneous  nature  of 

their  Camerata,  and  divide  the  Order  into :    a  Typical  Section,  in 

which  the  lower  brachials  and  interradials  form  an  important  part  of 

the  dorsal  cup ;  and  a  Non- typical  Section,  in  which  the  brachials 

retain  the  form  and  small  size  of  arm-plates,  and  the  interradials  are 

slmost  exclusively  confined  to  the  tegmen.     Had  the  *  Non-typical ' 

genera  arisen  first,  and  had  their  non-typical  nature  been  due  merely 

to  Arrest  of  development,  there   might   be  some  reason   or   some 

sd?antage  in  associating  them  with  the  *  typicals.'     But  the  fact  to 

be  emphasized  is  that  they  have  no  connection  whatever  with  the  rest 

of  the  Camerata.      Moreover,  they  are  themselves  a  heterogeneous 

lot,  for  the  Crotalocrinidae  admittedly  have  more  to  do  with   tlie 

Dicjclic  Inadunata  (more  particularly,  the  Cyathocrinidse)  than  with 

the  Monocyclic  Platycrinaa   and    its   allies.      If    these    statements 

it^present   a   general   opinion,    there    seems    no    reason    why    the 

OrotalocrinidsB  should   not   remain   in    the   Cyathocriiioid    division 

of  Dicyclic   Inadunata,   and   why   the   rest    of    the    '  Non-typicil 

Camerata'  should  not  form  an  independent  Order  (of  Monocyclica). 

For  such  an  Order  the  name  Adunata  is  elsewhere  proposed.^ 

As  for  the  Typical  Camerata,  they  do  indeed  appear  to  form 
a  fairly  homogeneous  group ;  but  the  appearance  may  be  deceptive. 
Wachsmuth  and  Springer  do  not  attempt  to  name  any  subordinal 
divisions,  but  in  their  analysis  (p.  170)  they  group  the  families 
nnder  two  main  heads :  A.  Interradials  ill  defined  ;  B.  Interradials 
well  defined.  The  former  contains  both  monocyclic  and  dicyclic  forms, 
all  of  which  are  lumped  in  one  family — Keteocrinidce.  Group  B. 
undergoes  further  division  into  :  1.  Monocyclic  (Thysanocrinidae, 
Bhodocrinidae) ;  2.  Dicyclic  (Melocrinidas,  Calyptocrinidse,  Bato- 
crinidas,  Actinocrinidce).  Surely  it  is  plain  that  the  **  unique  and 
remarkable  "  structure  of  the  interbrachial  areas  of  the  Reteocrinidsd 
represents  a  primitive  stage  in  the  evolution  of  interbraohials. 
I'heir  irregular  size  is  supposed  by  the  authors  to  be  due  to  **  the 
intercidation  of  supplementary  pieces "  around  the  larger  plates 
which  '*  represent "  **  the  first  and  second  row  of  interhrachials  in 
the  Actinocrinidae  "  (p.  184).     This  implies  that  the  structure  of  the 

*  F.  A.  Bather,  **  A  Phylogenetic  Classification  of  the  Pelmatozoa  "  :    Hep.  Brit. 
Auoe.  for  1898,  pp.  916-UJ3  ;  1899. 
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interradii  of  the  Carboniferoas  family  Actinocrinidsa  is  more  primitive 
than  that  of  the  Ordovician  ReteocrinidsB — a  quaint  paradox.  On 
the  contrary  the  Heteoorinid  structure  follows  the  arrangement 
usual  in  primitive  many-plated  areas  just  undergoing  evolution  into 
few-plated  areas ;  a  similar  arrangement  is  seen  in  EocysiiB,  Walcott, 
Deutocystia,  Barrande,  in  DiabolocrinuB  of  the  Trenton  Limestone, 
and  in  the  carapace  of  Qlyptodon.  The  outward  appearance  of 
these  areas  may  be  striking,  but  the  structure  is  the  reverse  of 
fundamental,  and  examination  of  tlie  three  genera  referred  to  the 
family  fails  to  show  more  important  points  of  resemblanoe.  It  is 
not  merely  simpler,  but  more  likely  to  bring  out  affinities,  if  we 
run  the  line  between  Monooyclica  and  Dioyclica  right  away  through 
the  typical  Camerata.  We  must  in  fact  regard  the  two  divisions  as 
exhibiting  homoplastic  modifications  of  distinct  Inadunate  stocks. 
The  genera  are  arranged  in  families  as  follows  : — 

1 .  lletcocrinidae :  Retfocrinus,  XenoerintiSf  Tanaocrinua. 

2.  Tliysanocrinide :    Ptyehoerinua^  ThytrnMcrinua,  Hyptiocrinutj  Idioerinut,  Lam- 

pteroerintUf  StphoHoerinua. 

3.  Rhodocrinidfle :     Rhaphanoerinus,  Archo'ocrimUf     Diabolocrinutf    JRhodoeriNMs, 

Gilbertaocrinusj     Thyiacoet-itms,     Lyriocrinua,     AnthemocrtHMs^ 
RhipidoerinuSf  DiametiocrinHS. 

4.  Melocrinido) :    i.   Melocrinites — OlyptocrinuSj   Periglyptocrinut,   StrUdiocrinu*, 

Marieerinutf  SeyphoeriwiSf  Melocrmus^  MacraatylocriMUs, 
ii.  Dolatocrinites — TechftoerimUf  Ci/rymbocrmut^    PateltiocrinuM^  AUo" 
eriniUf  Centroci  inua,  Dolatocrinua,  Stereocrinut,  Hadroerinua. 
6.  ralyptocrinidse :  EucalyptocrimUf  Calhcrinua. 

6.  Butocrinidas  :     i.    Btttocrinites  —  Batocrinuay    Eretmoerinuay   AWoproaalloerinua, 

LobocriuMy    Macrocrinuay    Eufrochocritiuay    Dizygocrinuay    Bar-' 
rfiftdHjcrinnay  Aorocrinus,  Borycrinuay  Ayarieocrinuay  Aeacoei'inua, 
HabrocrinuBy  Beamidocriniia,  Compaocrmua. 
ii.  Periechocrinites — JerUchua-inuay  Mcyiatocrinuay  Gennaoerinua,  Abaco- 
erinua. 

7.  Actinocrinidee :  AetiHoerimta,  Steyanoeritutay  Amphoracrinua,  Cactoerifwa,  Talrio* 

erinua,  Fhyaetocrinuay  Slrotoei-inua, 

For  practical  purposes,  and  with  the  help  of  the  keys  prefixed  to 
each  family,  this  grouping  does  well  enough,  and  in  the  main  it 
follows  the  broad  lines  of  descent.  At  any  rate  it  is  an  improve- 
ment on  previous  schemes.  But  it  is  the  ill  fate  of  such  improve- 
ments always  to  disclose  avenues  of  further  progress.  A  few  such 
may  be  alluded  to. 

'rhe  family  Keteocnnidss  may  be  retained  for  Beteocrinua,  but 
XenocrinuB  and  TanaocrinuB  are  more  suitably  placed  at  the  base  of 
the  assemblage  called  Batocrinida)  by  our  authors. 

The  Thysanocrinidas,  to  which  Jaekel's  OrthocrinuB  must  now  be 
added,  should  be  relieved  of  IdiocrinuB,  This  has  not  a  tegmen  of 
true  Camerate  type ;  its  arms,  so  far  as  known,  are  not  pinnulate ; 
and  its  dorsal  cup  scarcely  differs  from  that  of  AntBocrinuB,  which  is 
a  Taxoorinid.  To  judge  from  the  published  descriptions,  it  might 
well  form  a  family  of  Flexihilia  Impinnata,  but  is  a  primitive  genus 
not  far  removed  from  Inadunata.  It  would  also  conduce  to  clearness 
to  separate  Lampterocnnm  and  SiphonocrinuB  as  a  family  Lamptero- 
crinida?. 


Bitiews — Waclumuth  ^  Springer*8  Monograph  on  Crinokh.     121 

The  Rhodocrinid»  present  no  difficulty,  and  complete  the  series 
of  Dicyolic  Camerata.     All  the  rest  are  Monocyclic. 

The  Melocrinidsa  of  Wachsmuth  and  Springer  comprise  genera  of 
Buoh  diverse  nature  that  it  is  straining  the  conception  of  a  family 
(as  now  recognized)  to  keep  all  under  one  name.  At  the  same  time 
the  relations  of  Eucalyptoerinus  and  Callicrinus  to  some  of  them  are 
confessedly  intimate.  On  the  other  hand  the  subdivision  into 
Mtlocrinites  and  Dolatocrinites  is  not  regarded  as  satisfactory,  even 
by  its  proposers.  Siiuilar  criticism  applies  to  the  Batocrinid» 
aud  its  subdivisions,  and  to  the  Actinocrinidad.  None  the  less  the 
reality  of  these  large  divisions  should  not  be  overlooked.  I  propose, 
therefore,  to  divide  the  Dicyciica  Cumerata  into  three  Suborders — 
Melocrinoidea,  Batoorinoidea,  Actinocrinoidea  —  and  to  subdivide 
each  of  these  into  more  limited  families.  The  details  will  be  given 
more  fully  elsewhere,^  but  it  may  be  of  interest  to  print  a  table  for 
comparison.  The  genera  are  arranged  in  their  supposed  evolutionary 
order. 

^ICOCErNOinBA. 

1.  GlTptocriQulse :  Olyploerintu^  Schizocrinus^  Pn'iglyptocrinna. 

2.  Melocrinidffi :  Seyphocnnu*,  Mariacrmus^  Melocruius^  Ctetiocrinitn. 

3.  Patelliocrinidse :    SleltdiocriHus.  Macrostylocrinua,  Allocii/iu»,  raUilioerinuif 

Briarocrim*9,  CctUriocrinus. 

4.  Clonocrinidie :  Cionocnntu  (=  Cort/mbocr.),  PoiypelteSy  Trybliocrinua  (ssSpy- 

ridiocr.),  Technoerinus. 

5.  Euealyptocrinidoi :   Callicrtnm,  Eucalyptocrinus. 

6.  Dolatocrinidie :  J)olalocr%Hu»y  Hiertmcrinuty  Iladrocrinua, 

Batockixoidba. 

1 .  TanaocrinidsB  :   Tanaocrinus. 

2.  Xenocrinid{e :  Xenocrinut,  Comptoerintis,  Abacocrinus. 

3.  Caq)ocrinidae :  AeacocrinuSy  Jjegtnidocrinusy  MacarocrinuSy  Carpocrinua. 

4.  Barrandeocrinidie :  Banatuleocnnun, 

6.  Ccelocrinidse :   Cmloci'inua  (=  Aorocr.)y  Dorycrinusy  Ayiricociunus, 

6.  Batocrinidie :    BatocrinuHy  EretmocrinuSy  AilopromllocrinuSy  £utrochocnnu8, 

BizyyocrinuHy  Hyperocrinus  ( =  LoOocr.),  Maciocrinug, 

7.  Periechocrinida) :  FerieehocrinuSy  Mrgiatocrinusy  Gennteocrinuif. 

ACTINOCBINOIDEA* 

1.  ActiuocrinidtB :   Actifiocrinusy  SteganocrinuSy  Cactocrinuiy  TdeiocrinuSy  Phy" 

Bctocrinusy  Htrotvcrinua. 

2.  Amphoracrinidffi :  Amphoiacrinus, 

The  possible  non-acceptance  of  certain  details  in  Wachsmuth 
and  Springer's  classification  cannot  affect  the  high  value  of  the 
Monograph  as  a  storehouse  of  facts  both  new  and  old,  while  the 
Index  and  numerous  tables  enable  one  to  track  the  contents  with 
ease.     The  following  new  genera  are  described  : — 

Aulocrinus  (p.  138,  and  pi.  vii,  fig.  9)  is  an  ally  of  Scaphiocrinus, 
characterized  by  a  forked  anal  tube.  May  not  this  be  a  persistent 
abnormality  due  to  the  presence  of  a  commensal  in  the  tube? 

TanaocrinuB  (p.  185),  Ordovician,  referred  to  lieteoorinidae,  but  is 
monocyclic  and  apparently  a  Batocrinoid ;  in  structure  and  in  time  it 
is  well  fitted  to  be  taken  as  an  ancestor  of  the  Carpocrinidse. 

'  See  *^  A  Phylogenetic  Classiiication  of  the  Pelmatozoa,**  loc.  cit. 
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Diaholocrinus  (p.  249),  Ordovioian,  a  Rhodoorinid  in  which  the 
interbrachialB  consist  of  larger  plates  surrounded  hy  smaller  oues, 
the  anus  is  at  the  end  of  a  tube,  and  the  arms  hear  ramules. 

PeriglypiocrinuB  (p.  277),  Ordovioian,  a  Glyptooriuid  with  largo 
basals  and  hiserial  arms. 

Euirochoerintu  (p.  408),  with  genotype  BaiocrinuB  Chn9tyi,  Dizygo^ 
crinus  (p.  413),  with  genotype  B.  indianetiBiif  LohocrinuB  (p.  434), 
with  genotype  B,  Nashvilla^  and  Maerocrinus  (p.  446),  with  geno- 
type B.  Konincki,  are  closely  allied  genera  of  Batocrinidsd  (aMr.) 
and  all  Lower  Carboniferous. 

Aorocrinui  (p.  470)  is  a  Devonian  and  Oarboniferous  predecessor 
of  Dorycrinus  and  AgarieoerinuB  ;  the  genotype  is  D.  immaturuB. 

AcacocrinuB  (p.  515)  is  a  Silurian  subgenus  of  CarpoerinuB,  for  the 
reception  of  A.  EIrodi  and  A.  amerieanuB,  hut  is  worthy  of  generic  rank. 

CactocrinuB  (p.  600),  with  genotype  AelinocrinuB  proboBCidialia,  is 
separated  from  Aciinoerinm  because  the  arm-rami  are  given  off  in 
a  continuous  circlet  around  the  theca,  clearly  separating  the  tegmea 
from  the  cup :  the  name  is  due  to  the  spines  on  tegmen  and  arms ; 
those  on  the  pinnules  imbricate  over  those  of  adjacent  pinnules. 

CamptocrinuB  (p.  779)  differs  from  DiehocnnuB^  under  which  it  is 
placed  subgenerically,  in  the  structure  of  the  stem,  which  is  modified 
like  that  of  Hall's  MyelodactyluB  and  Salter's  HerpetocrinuB.  CamptO" 
crinuB  is  in  the  Keokuk  and  Easkaskia  groups.  Similarly  modified 
stems  were  possessed  by  PoterioorinidsB  of  Easkaskia  age.  There  is 
therefore  room  for  doubt  whether  the  European  HerpetocrinuB  really 
is  congeneric  with  the  American  MyelodactyluB.  No  detailed  account 
of  the  btem  of  CamptocrinuB  is  given,  so  that  one  cannot  ascertain  to 
what  extent  it  agrees  with  that  of  HerpetocrintiB, 

These  genera,  as  well  as  the  new  species  described,  appear  to  have 
been  established  with  care,  and  may  safely  be  accepted.  The 
principles  guiding  the  authors  are  thoroughly  in  accordance  with  the 
most  approved  modem  views.  They  recognize  the  corollary  of  the 
theory  of  descent,  namely,  that  the  taxonomic  value  of  a  character  is 
in  proportion  to  its  persistence  and  not  to  its  physiological  ini- 
})ortance  (p.  153).  Still  no  single  character  is  absolutely  constant, 
*'  and  the  larger  our  collections  the  less  persintent  and  fixed  will  we 
find  the  separate  characters.  But  if  we  are  reasonably  happy  in  our 
identifications,  we  may  expect  to  find  greater  reliance  to  he  put  upon 
the  correlation  of  characters,  so  that  while  one  or  more  of  them  will 
show  a  tendency  to  departure,  the  sum  of  all  will  exhibit  a  pre- 
dominance which  will  bold  the  form  in  question  within  the  given 
group."  Characters  cannot  be  sorted  out  as  of  *  family,'  •  generic,' 
or  *  specific'  importance,  but  the  value  or  rank  of  a  character  "is 
])roportional  to  the  extent  to  which  it  tends  to  combine  subordinate 
groups."  Later  on  (pp.  155,  156)  the  difficulties  attaching  to  the 
separation  of  species  are  discussed,  and  the  necessity  for  appreciating 
stages  of  growth,  limits  of  individual  variation,  and  abnormalities  is 
emphasized.  Valuable  illustrations  of  these  difficulties  will  be  found 
under  TeleiocrinuB  nmhrosuB  (p.  629)  and  under  PIntycrinuB  (pp.  652, 
680,  681).     The  modifications  due  to  individual  growth  in  the  latter 
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genus  are  very  striking,  and  unless  they  are  taken  into  consideration 
the  describing  of  species  amounts  to  little  more  than  description  of 
indiyidtial  specimens.  The  authors  base  their  observations  largely 
on  over  a  thousand  specimens  of  P,  HwUsvilia  collected  by  them, 
and  varying  from  9  mm.  to  60  mm.  in  length  of  crown.  So  important 
18  work  of  this  nature,  that  we  should  have  been  glad  of  a  far  more 
detailed  account  and  more  even  than  the  eight  figures  which  are 
given  of  this  species. 

Towards  the  governing  problems  of  evolution  and  phylogeny,  our 
autliors  adopt  a  very  cautious  attitude,  defended  in  some  admirable 
passages  (pp.  166-169).  "  It  is,"  they  consider,  **  impossible  to  tf  11, 
except  perhaps  in  a  very  general  way,  which  one  of  a  number  of 
variations  marked  the  line  of  succession ;  or  in  other  words  which 
was  for  the  time  being  the  racial  characteristic  carrying  all  others 
along  with  it,  even  though  many  of  them  may  seem  more  important.'* 
The  metaphor  is  not  commendable  :  at  least  it  seems  to  me  that  the 
racial  characteristic  is  usually  some  feature  that  escapes  modifioiition 
j<ut  because  it  is  functionally  unimportant  for  the  time  being ;  it 
follows  other  changes,  itself  unchanged. 

The  difficulty  of  deciding  which  are  the  important  structures  is 
well  illustrated  by  Lyriocrinua.  In  the  two  species  of  this  there 
often  occur  variations  in  "characters  which  have  always  been 
regarded  as  of  the  utmost  significance  for  distinguishing  families  and 
genera,"  namely,  the  relation  of  interradials  and  basals,  and  the 
presence  of  an  anal  plate  (p.  202). 

Such  considerations  have  led  Messrs.  Wachsmuth  and  Springer  to 
ibun  "the  primrose  path  of  dalliance"  with  evolutiim,  which 
they  fear  leads  only  to  "  the  everlasting  bonfire  "  of  genealogical 
trees.  With  the  modesty  that  comes  of  true  learning  they  content 
themselves  **  with  giving  the  general  facts  which  [their]  investiga- 
tions seem  to  pretty  well  establish,  and  such  interpretation  of  them 
as  appears  reasonably  consistent  therewith  "  (p.  1G6). 

The  absurd  guesses  that  one  so  often  sees  put  forward  as  sober 
accounts  of  phylogeny  are  enough  to  compel  sympathy  with  the 
preceding  remarks.  But  of  all  virtues  prudence  is  the  most 
uninteresting,  and  an  author  should  at  least  have  the  courage  of 
his  convictions.  The  downfall  of  so  many  phylogenetio  erections  is 
due  to  the  fact  that  they  are  built  with  their  foundations  in  the  air. 
It  is  possible,  in  many  cases,  to  trace  the  relation  of  species  to 
species,  or  the  evolution  of  one  genus  from  another  :  such  statements 
often  attain  almost  the  dignity  of  facts,  and  can  be  checked  by 
stratigraphy  and  palceo-geography.  Let  us  begin  with  these,  and, 
when  the  relations  of  genera  are  fairly  settled,  let  us  proceed  to 
those  of  families.  Thus  the  Orders  will  take  shape  before  us,  and 
"we  shall  have  a  truer  conception  of  what  their  ancestral  forms  were. 
Then  we  can  think  about  the  relations  of  Crinoidea  to  CyKtidca  and 
of  Asteroidea  to  Echinoidea.  And  some  day  we  may  even  have 
a  right  to  speculate  on  the  connection  between  Echinoderma  and 
Prochordata. 

Now  my  criticism  of  this  Monograph  is  that  it  does  not  fairly 
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represent  the  beliefs  of  its  authors  in  these  matters.  They  say, 
it  is  true,  **  We  have  arranged  our  descriptions  so  as  to  place  species 
which  are  most  closely  related  next  to  each  other  "  (p.  156).  But 
if  they  have  done  this,  it  has  been  in  a  very  obscure  fashion ;  and 
the  same  principle  is  far  from  being  extended  to  genera.  The 
species  of  Platyerinus  have  been  arranged  in  groups  around  certain 
typical  species  :  without  some  such  device  the  crowd  of  them  would  be 
unmanageable.  But  one  would  have  liked  some  key  to  the  arrange- 
ment, and  an  extension  of  the  method  to  other  genera.  Consider 
the  species  of  Balocrinua  1  The  account  begins  with  two  allied 
forms  from  the  Warsaw  Limestone  ^ ;  then  come  four,  possibly  allied 
to  one  another  but  not  to  the  preceding,  from  the  Lower  Burlington 
of  Iowa ;  then  species  from  the  base  of  the  Lower  Burlington  of 
Missouri,  one  of  them  approaching  Dizygocrinns,  another  near 
Lobocrinus  and  Eretmocrinua ;  next  come  two  interrelated  species 
from  the  Einderhook,  from  which  we  jump  to  quite  a  different  form 
in  the  Upper  Burlington,  then  down  again  to  it«  ally  in  the  Lower 
Burlington ;  then  some  species,  the  mutual  relations  of  which  are 
not  stated,  from  the  Keokuk,  and  so  back  to  Upper  Burlington. 
There  may  be  a  reason  for  this  erratic  promenade ;  but  if  so,  it 
should  be  stated.  Again,  under  Teleioerinu8,  T.  adolescens,  though 
said  to  be  the  species  most  closely  allied  to  CaelocrinuB,  is  dealt 
with  furthest  away  from  that  genus.  One  begins  to  long  for  the 
simplicity  of  the  alphabet.  So  too  with  the  genera.  Aorocrinua  is 
described  after  Dorycrinus,  though  it  is  admitted  to  be  its  ancestor. 
Similarly  Phyaetoerinus  is  held  to  give  rise  to  StroioerinuB^  and 
CaciocrinuB  to  Teleiocrinus ;  but  the  order  of  treatment  is — PhysetO' 
crinuBf  CaciocrinuB,  Teleiocrinus,  StrotocrinuB. 

After  the  richly  deserved  blame  which  is  awarded  to  other  writers 
for  not  marking  the  relations  of  their  species,  one  would  at  least 
expect  some  words  of  comparison  to  accompany  each  description. 
The  frequent  absence  of  this  would  not  so  much  matter,  did  the 
authors  condescend  to  follow  the  example  of  Linnasus  and  give 
a  diagnosis  of  each  genus  and  species.  Instead,  one  has  often  to 
wade  through  a  page  or  more  of  description,  comparing  it  word  by 
word  with  other  descriptions,  in  order  to  find  out  the  truly  diagnostic 
characters.  This  is  a  fault  so  common  that  it  may  seem  pedantic  to 
notice  it.     So  much  the  worse  ! 

It  must  be  admitted  that,  so  far  as  genera  are  concerned,  the 
authors  have  done  their  duty  in  the  way  of  providing  analytic  keys. 
As  these  will  probably  be  referred  to  by  many  student*,  it  may  be 
as  well  to  point  out  some  inconsistencies.  In  the  analysis  (p.  188) 
PtychocrinuB  is  said  to  have  10  arms;  the  description  (p.  197)  says 
'^  10  to  12  '*;  but  according  to  the  descriptions  and  figures  of  species 
the  rami  are  at  least  20.  In  the  analysis  of  Rhodocrinida)  (p.  215) 
it  should  be  noted  that  Gilberisocrinua  has  no  anals,  and  that  Lyrio^ 
crimts  may  have  an  anal,  a  correction  that  makes   the   divisions 

*  Readers  of  the  Geological  Magazine  scarcely  need  to  be  reminded  that  the 
order  ot  the  stratigraphic  groups,  from  above  downwards,  is :  Kaskaskia,  St.  Louis, 
AVarsaw,  Keokuk,  Burlington,  Kinderhook. 
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A  hxiA  B  of  rihaII  praotioal  use.     Here  also  the  statement  ''no 

interdistiohals  "  is  not  applicable  to  all  species  of  Rhodacrinus.     In 

the  key  to  Meloorinidsa  we  read,   "  C.  Basais  lar^e " ;    but  lower 

down  DolatocrinuB  is  said   to   have  "  basais   small,  interbracbials 

few."    The  latter  statement  further  conflicts  with  the  **  Interbracliials 

rather  namerous "  of  p.  310.     The  analysis  of  Batocrinidie  (p.  SGI) 

obTioiisly  has  Macrocrinun  in  the  wrong  place,  since  it  has  '*  luter- 

brachinls  in  contact   with    interambulacrals    at    anal    side  only." 

Euirochocrinus  is  here  said  to  have  *'  respiratory  pores  twenty,"  but 

this  is  not  mentioned  in  the  generic  and  specific  descriptions.     The 

pores  of  Dizygoerinua  are  said  to  be  '*  not  visible/'  but  later  on  are 

described  as  "small." 

A  few  other  slips  of  like  nature  may  be  noted.     On  p.  205,  under 

Idiocrinus  ventricoaug,  is  written    "cup  obtusely  pyramidal";    for 

*cnp'  read  '  tegmen.'     In  the  description  of  Lampterocrinm  (p.  207) 

the  braohials  and  covering- pieces  are  said  to  form  a  rigid  tube,  from 

vhich  small   arms   are   given  off  alternately  at  intervals.      This 

statement   was   put  forward   as   a  hypothesis  in  Wacbsmuth  and 

Springer's  "  Revision  of  the  Palaeocrinoidea,  Part  II  "  ;  it  does  not . 

Appear  to  have  received  definite  confirmation  (cf.  p.  209).     In  the 

description  of  Siphonocrinus  (p.  210)  the  words  "Basais  five"  have 

been   omitted   after   "  Infrabasals   five."      Under    Rhaphanocrinua 

(p.  259)  the  arms  are  said  to  be  **  not  bifurcating  "  ;  they  really  fork 

onoe  or  twice,  and  probably  what  is  meant  is  the  free  portion  of  the 

arm.    The  basais  of  this  genus  are  described  as  hexagonal,  but  thoy 

do  not  appear  to  differ  from  those  of  Arch<docriun8,  which  are  called 

lieptagonal.     The  basais  of  Lyriocrinus  are  certainly  heptagonal,  not 

"  hexajjjonal "  (p.  2^)1).     Baiocrinns  (p.  c)GG)  is  said  to  have  "Arms 

20  to  2G,"  but  in  B.  irregularis,  B.  mnnduluSy  and  B,  cantanensis  the 

rami  are  only  18.    The  horizon  and  locality  ascribed  to  B,  iurhinatuB 

and     its     var.     elegnna     are     incorrect.       Hall     said     Burliiigtcm 

Limestone,    Burlington,    and    Miller    and    Gurley's    type    of    the 

synonym  B,  laius  came  from  Sedalia,  Missouri.     Keyes*  reference 

in   the  Missouri  Report  was  possibly  copied  from  the  proof-sheets  of 

this  Monograph,  of  which  he  was  one  of  the  artists.      Cordylocrinna 

plumosna  comes   from   Upper,  not  "Lower"  Hehlerberg  (p.   737). 

The   footnote    on    p.  284  apparently   should  refer   to    Marincrinvs 

ramo8tL8  only,  not  to  M.  plumosus.      Uyptiocrinna  typntu,  Idiocrinus 

ventricoaus,    Eucalyptocrinus     lAndahli,     Jlelocrinus     ohlongus,     «nnd 

3/.  Roemeri  are  not  new  species,  but  were  described  in  a  preliminary 

notice  published  in  the  American  Geologifit  for   September,    1892. 

Cnctocrinus  obesus  is   not   "  Keyes   (MS.),"  but  was  published  in 

Missouri  GeoL    Survey,    vol.    iv,   part  1,  p.   187,   pi.    xxiv,   fig.  4. 

If  that  volume  was  issued  in  1894,  as  stated  on  its  title-page,  the 

reference   might   have   been   entered ;    at   any   rate    there   is   only 

one  holotype,  and  that  is  not  "  in  the  collection  of  Wacbsmuth  and 

Springer"  (p.  614). 

Finally,  some  questions  of  nomenclature  need  attention.  The 
genera  Dimerocrinus,  Gly piaster,  Thysnnocrinns,  and  Encrinus  are 
reduced   to   one,  and  for  that  the  name  Thysanocrinus  is  selected. 
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I  accept  the  fact,  but  not  the  name.  BimeraerinuB  has  sixteen  years 
priority,  and,  however  bad  Phillips'  description^  and  figures  may 
have  been,  there  has  never  been  the  smallest  doubt  as  to  the  identity 
of  the  species.  The  genus  must  be  called  '  Dimerocrimu '  and  the 
family  *  Dimeroorinidsd.' 

Hyptiocrintis  and  Idioerinus  are  recognized  as  identical  with  the 
CyphocnnuB  and  Oazaerinus ,o(  Miller,  and  the  type-species  also  are 
the  same.  Wachsmuth  and  Springer's  names  were  first  published 
in  the  American  Qeologiat  for  September,  1892,  and  Miller's  names 
were  published  in  Advance  Sheets  from  the  18th  Report  of  the 
Geological  Survey  of  Indiana.  The  date  of  these  Advance  Sheets, 
whioh  I  know  were  obtainable  through  trade  channels,  is  here  given 
m  **  October  26,  1892,"  and  we  are  left  to  infer  that  the  American 
Oeologist  was  issued  on  September  1,  or  soon  after.  Now  Miller's 
Advance  Sheets  were  dated  "  September,  1892/'  and  in  the  Second 
Appendix  to  his  **  North  American  Geology  and  Palieontology,'* 
issued  October,  1897,  Miller  cited  four  witnesses  to  prove  that  his 
copies  were  distributed  by  the  Survey  on  September  1.  This  might 
not  have  given  Miller  priority,  were  it  not  for  the  fact  that  the  issue 
of  the  September  number  of  the  American  Gealogiat  was  delayed.. 
I'his  I  had  from  Miller  himself  in  a  letter  dated  March  14,  1894^ 
and  1  confirmed  it  by  reference  to  the  date  on  which  the  number 
was  received  at  the  British  Museum,  namely,  September  27,  the 
usual  date  being  about  the  15th  of  the  month  of  issue.  So  far 
Miller's  statements  have  not  been  challenged ;  his  descriptions  are 
perfectly  intelligible  and  accompanied  by  figures,  which  Wachsmuth 
and  Springer's  were  without.  The  names  Cyphacrinus  Qorhyi  and 
Gazacrinus  inomatus  must  therefore  take  precedence  of  HyptiocrinuB 
typvs  and  Idiocrinus  elongatus  respectively.  In  this  connection  it 
should  be  pointed  out  that  though  our  authors  set  their  imprimatur 
on  one  of  Miller's  figures  of  C.  Gorhyi  by  reproducing  it  without 
comment,  they  have  not  modified  their  descriptions  in  accordance 
with  it  Therefore  their  descriptions  cannot  supersede  those  by 
Miller,  which  appear  to  be  quite  accurate.  Similar  criticism  applies 
in  less  degree  to  the  accoimt  of  Idiocrini^, 

There  is  no  obvious  reason  why  Miller's  trivial  name  'lyanawis* 
(December,  1893)  should  not  be  preferred  for  "  Gilberisocrinn$ 
dispausm  (nov.  sp.),"  of  which  it  is  made  a  synonym.  Miller's 
type-specimen  has  six  appendages,  five  paired  and  one  single,  but 
no  allusion  is  made  to  this  in  the  Monograph. 

Wachsmuth  and  Springer's  principles  of  nomenclature  are 
nowhere  more  difficult  to  follow  than  in  their  treatment  of  certain 
suhgenerio  names  adopted  by  Meek  and  Worthen.  In  I860 
those  writers  proposed  UperocrinuB  (which  we  should  nowadays 
write  Hyperocrinus)  as  a  subgenus  of  ActinocrinuBf  with  type-species 
A,  piriformis.  This  and  a  few  allied  species  are  now  formed 
into  ^^  LobocrinuB  (nov.  gen.),"  with  genotype  BatocrinuB  Nashvillm, 
Such  action  at  least  demands  the  justification  which  is  nowhere 
attempted.     In  18G5  Meek  and  Worthen  proposed  another  subgenus 

^  Wachsmuth  and  Springer  are  wrong  in  saving  the  species  were  **  not  described  " 
(p.  191). 


) 
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nnder   the   name    Spharoerinm,   whioh,    being    preoooupied,    was 

diiinged  into  CaloerinuB  on  January  1,  1866.     llie  genotype  was 

A,  coneavus,  a  fairly  charaoteristio  speoies  of  what  Wacbsmiith  and 

Springer  now  wish  to  call  "  Aoroerinui  (nov.  gen.)."     The  name 

CalocrinuB  does  not  oonflict  with  Ccelioerinu9,  White,  1863,  and  it 

preceded  Salter's  Cceloerinus  ^  by  some  months ;  it  must  be  adopted. 

hi  1881  Wacbsmuth  and  Springer  proposed  a  subgenus  of  Macro- 

ilyloerinuB  under  the  name  Centroerinu$.     They  were  aware  that  this 

name  bad  been  proposed  by  T.  and  T.  Austin,  but  say  that  **  the  name 

bs8  neyer  been  accepted  by  any  writer,  nor  was  it  applied  to  any 

particular  species  by  Austin  himself.*'     It  was,  however,  accepted 

bj  Meek  and  Worthen  in  1866  (Oeol.  Surv.  I//ttiot8,  ii,  p.  172),  and 

defined  with  Plaiyerinua  gigag  as  type.    Since,  therefore,  Centroerinns, 

W.  &  Sp.,  cannot  stand,  1  have  proposed '  to  change  it  to  Centkio- 

CftiHus,  from  xiyrptov, "  a  sting,'  in  allusion  to  the  sharp  spines  in  the 

type-species,  C.  pentaspinua. 

CnrpocrinuB,  Miiller,'  cannot  be  replaced  by  Tlahroerinua,  Angel  in, 
1878,  on  the  ground  of  a  single  error  in  Miiller's  diagnosis ;  the 
genotype  '  Actinocrinm  simplex '  of  Phillips  has  always  been  readily 
wcognized. 

There  is  far  better  reason  to  reject  MarBupiocrinites,  Phillips,  1839, 
previously  used  by  De  Blainville  1830 ;  *  it  would  be  replaced  by 
Cupeilaerinus  (or  Cypellocrinus,  as  we  should  now  write  it),  Shumard 
exTroost,  1866. 

The  genus  Tryhliocrtnus,  Geinitz,  1867,  is  alluded  to  on  p.  216. 
There  can  he  no  doubt  that  this  is  the  same  as  SpyridtornnuSf 
Oehlert,  1891.  It  may  also  be  pointed  out  that  Clonocriuua, 
Quenstedt,  1876,  with  genotype  Encalyptocrinus  polydactylnn,  M'Coy 
(lion  Clouocrinus,  Oehlert,  lb79),  takes  precedence  of  Corymhocrinns, 
Angelin,  1878. 

But  the  problems  of  nomenclature  would  keep  us  a  thousand  and 
one  nights  over  this  Monograph,  of  which  it  is  now  time  to  take 
leave.  So  full  is  it  of  matter  and  suggestion,  that  one  might  spend 
years  in  its  study.  This  Review  of  it,  though  long,  has  been 
inadequate ;  but  tlie  criticism  at  least  has  been  carefully  considered 
and  outspoken.  Differences  of  opinion  cannot  possibly  diminish  the 
great  and  permanent  value  of  the  book,  and  everyone  must  hope  that 
Mr.  Frank  Springer  may  be  able  before  long  to  continue  the  work 
in  which  he  has  for  many  years  been  the  colleague  of  Charles 
Wacbsmuth. 

These  volumes  are  dedicated  to  the  memory  of  Louis  Agassiz,  and 
it  is  due  to  the  generosity  of  Alexander  Agassiz  that  they  appear  as 
a  Memoir  of  the  Museum  of  Comparative  Zoology  at  Harvard  College. 
They  are  worthy  of  this  intimate  association  with  a  great  name. 

F.  A.  Bather. 

*  Appendix  to  A.  C.  Ramsay's  **  Geology  of  North  Wales,"  First  Edition, 
pp.  283,  284. 

2  Mep.  Brit.  Assoc,  for  1898,  p.  922  ;  1899. 

»  Ber.  Akad.  WIm.  Berlin  for  1840,  pp.  88-106 ;  [July?]  1840.  Carpocrinun  on 
p.  92. 

*  Sea  F.  A.  Bather,  *^  Note  on  Marsupitet  testudinarius*^ :  Quart.  Journ.  Geol. 
Soc.»  xlv,  pp.  172-174 ;  Feb.  1889. 
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II. — Manual  of  Dbtebmtnative  Mineralogy,  ytith  an  Inteoduo- 
TioN  ON  Blowpipe  Analysis.  By  Geusoe  J.  Brush.  Revised 
and  enlarged,  with  entirely  new  tables  for  the  identification  of 
minerals,  by  Samuel  L.  Penfield.  15th  edition.  Large  8vo; 
pp.  X,  254, 58  tables,  375  figures.    (New  York  and  London,  1898.) 

THE  publication  in  1896,  under  the  editorship  of  Professor 
Penfield,  of  a  semi-revised  version  of  Brush's  well-knowa 
work  on  the  ohemioal  determination  of  minerals  seemed  at  the 
time  a  matter  of  doubtful  policy,  for  would-l>e  purchasers  mi^rht 
well  have  felt  inclined  to  wait  for  the  next  edition,  containing, 
according  to  the  editor's  promise,  a  complete  revision  of  the  tables 
for  the  identification  of  minerals  and  an  additional  chapter  on 
crystallograph}'  and  the  physical  properties  of  minerals.  As  ife 
appears,  they  would  not  have  been  compelled  to  wait  long.  In 
the  present  work  Professor  Penfield  has  fully  redeemed  his  promise, 
nnd  has  very  successfully  completed  the  work  of  revision  which  he 
had  undertaken. 

The  introductory  chapters  remain  practically  the  same  as  in  the 
edition  of  1896.  The  most  important  changes,  it  will  be  re- 
membered, were  made  in  the  chapter  on  the  chemical  reactions 
of  the  elements.  This  was  extended  from  the  fourteen  pages  of  the 
older  editions  to  ninety-four,  and  in  its  new  form  was  eminently 
suggestive  and  instructive,  llie  treatment  was  not  confined  to  the 
blowpipe  characters,  but  tests  in  the  wet  way  were  also  given, 
especially  in  the  case  of  elements  such  as  those  of  the  rare  earths, 
which  cannot  be  satisfactorily  identified  by  the  blowpipe  alone. 
The  minute  detailn  given  in  the  chapter  as  to  manipulation  and  the 
precautions  necessary  to  ensure  success  should  be  of  great  service  to 
the  student  in  preventing  him  from  drawing  false  conclusions  from 
his  experiments. 

'i'he  additional  chapter  in  the  present  edition  on  the  physical 
properties  of  minerals  is  mainly  occupied  with  the  elementary 
principles  of  crystallography.  The  various  types  of  crystals  are 
grouped  under  the  now  accepted  thirty-two  classes  according  to 
the  degree  of  symmetry  they  exhibit.  The  Millerian  system  of 
notation  for  the  faces  is  explained,  but  no  attempt  is  made  to 
demonstrate  the  mathematical  relations  connecting  the  indices  witb 
the  interfacial  angles,  etc.  The  object,  in  fact,  has  been  to  present 
the  subject  in  as  simple  (and  yet  an  adequate)  a  way  as  possible,  so 
that  the  student,  with  the  help  of  models,  may  become  familiar  with 
the  more  important  forms  presented  by  well-known  minerals,  and 
may  thus  be  assisted  in  their  identification. 

The  subject  of  mineralogy  ccmi prises  so  many  branches  of 
chemistry  and  physics  that  the  author  of  a  text-book,  through 
want  of  space,  has  generally  to  sacrifice  one  part  of  his  subjeot 
for  the  sake  of  fuller  treatment  of  others.  In  the  present  work 
l^rofesaor  Penfield  gives  us  a  very  useful  and  instructive  chapter 
on  crystal logra])hy,  but  from  limited  space  draws  the  line  at  the 
oi)ticai  properties  of  minerals.  For  a  description  of  these  we  are 
referred   to  his  colleague,  Professor  £.   S.  Dana's   "Text- book  of 
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Mineralogy/'  a  new  edition  of  whioh  has  just  appeared.     We  cannot 

belp  feeling  some  regret  that  in  a  work  on  determinative  mineralogy 

the  aathor  has  felt  compelled  to  omit  even  a  brief  account  of  one  of 

oor  most  important   aids  in   the  identification   of  minerals.      As 

a  manual   for  the   ehemieal  determination  of  minerals,  the  older 

editions  of  Brush's  work  could  be  regarded  as  complete ;  but  with 

the  introduction  of  a  chapter  on  crystallography  iu   the   present 

edition,  the  character  of  the  work  is  so  far  changed  that  as  a  manual 

of  determinative  mineralogy  it  appears  incomplete  without  a  chapter 

on  the  optical  properties  of  minerals. 

The  tables  for  the  identification  of  minerals  at  the  end  of  the  book, 
originally  founded  on  those  of  Von  Eobell,  have  been  brought  up  to 
date  and  completely  rearranged :  they  are  intended  to  include  all 
well-characterized  species  at  present  known.  G.  T.  P. 
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L— January  18, 1899.— W.  WhiUker,  B.A.,  F.R.S.,  President,  in  the 
Chair.     The  following  communications  were  read  : — 

1.  "  On  a  small  Section  of  Felsitic  Lavas  and  Tuffs  near  Conway 
(North  Wales)."     By  Frank  Rutley,  Esq.,  F.G.S. 

The  rocks  described  in  this  communication  were  collected  in 
1877,  in  series,  at  short  intervals,  from  a  point  at  the  mouth  of  the 
River  Conway  near  Bodlondeb.  They  consist  of  felsitic  lavas  and 
tuffs,  sometimes  nodular,  and  generally  exhibiting  some  variety  of 
fluxion-structure,  corrugated,  or  banded.  A  specimen  showing 
brown  bands  is  compared  with  one  described  by  Iddings  from 
the  Yellowstone  Park.  What  were  once  possibly  red  bands  are 
now  represented  by  devitrified  brown  glass,  and  the  change  in 
colour  may  have  been  due  to  the  action  of  water  upon  the  ferric 
oxide  which  originally  gave  its  colour  to  the  glass.  Some  of  the 
rhyolites  are  tufaoeous,  and  envelop  fragments  of  rocks,  some  of 
which  were  originally  vitreous,  others  lithoidal.  Coarser  rhyolitio 
tuff  occurs  at  the  northern  end  of  the  series. 

2.  **  The  Geology  of  Southern  Morocco  and  the  Atlas  Mountains." 
By  the  late  Joseph  Thomson,  Esq.  (Communicated  by  the 
President) 

This  paper  gives  the  results  of  observations  made  under  con- 
siderable difficulties  during  a  journey  in  Morocco  in  1888.  The 
tract  traversed  is  roughly  triangular,  the  base  being  the  Atlantic 
Ocean  between  Saffi  and  Agadir,  and  the  apex  the  district  of  Demnat 
on  the  northern  slopes  of  the  Atlas,  some  sixty  miles  east  of  the  city 
of  Morocco.  This  district  consists  of  three  main  sections:  (1)  The 
Coast  Lowlands;  (2)  the  Plateau  in  two  chief  jsteps,  the  northern 
rising  to  2,000  and  the  southern  to  5,000  feet:  (3)  the  Atlas  itself, 
which  only  begins  to  be  a  mountain-chain  about  thirty  miles  from 
the  coast,  and  which  ranges  first  east-by-uorth  and  then  north-east 
in  its  central  and  loftiest  part. 
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(1)  ITie  Lowlands  are  praotioally  oontenninoaa  with  the  Tertiary 
depoKits,  among  which  apparently  Eooene,  Miocene,  and  Pliocene 
rocks  are  represented.  The  last-named  consist  of  shelly  sands  200 
to  300  feet  thick,  gradually  rising  to  a  height  of  700  feet  south 
and  euHt  of  Saffi.  Their  surface  is  often  covered  with  the  slaggy 
tufaceous  crust  descrihed  by  Maw.  The  local  presence  of  this 
crust  and  the  porous  character  of  the  deposit  elsewhere  have  pre- 
served it  from  denudation,  and  thus  (in  the  opinion  of  the  author) 
its  surface  still  presents  the  appearance  of  the  Tertiary  sea-bed  on 
which  it  was  formed.  Certain  quarry-like  pits,  one  of  which 
contains  a  pillar  of  white  crystalline  calcium  carbonate,  are  supposed 
to  be  due  to  the  explosion  of  steam  connected  with  the  existence  of 
hot  springs. 

(2)  The  Plateau  is  underlain  by  three  rock  -  formations :  — 
(a)  Metamorphic  rocks  including  day-slates,  which  probably  under- 
lie the  whole  Plain  of  Morocco  and  rise  into  a  group  of  rugged  hills 
called  the  '  Jebdlet/  in  contradistinction  to  the  '  Jebel '  or  Atlas 
proper.  (6)  The  Lower  Cretaceous  rocks,  consisting  of  red  shales 
and  sandstones,  the  former  frequently  giving  rise  to  brine  springs 
and  containing  salt-deposits  at  Demnat  in  the  Atlas,  (c)  The  Upper 
Cretaceous  n)ck8,  chiefly  white  and  cream-coloured  limestones,  which 
attain  their  greatest  development  on  the  Plateau. 

(3)  The  Atlas  itself  is  made  up  for  the  most  part  of  the  same 
rocks.  There  is  a  core  of  metamorphic  rocks,  which  is  better 
developed  and  wider  at  the  western  end  of  the  range  and  narrower 
towards  the  east.  Next  comes  the  great  development  of  the  Lower 
Cretaceous  strata,  followed  by  a  diminutive  representative  of  the 
Upper  Cretaceous  rocks.  These  rocks  are  much  broken  l»y  folding 
and  faulting,  and  their  structure  is  displayed  in  several  sections 
taken  across  the  range  from  Demnat  westward.  The  first  signs  of 
glacial  action  were  met  with  at  Titula,  consisting  of  moraine-like 
heaps  of  debris ;  elsewhere,  scratched  stones  were  f(»und.  The 
Boulder-deposits  described  by  Maw  were  not  seen  either  east  or 
west  of  the  locality  described  by  that  author ;  but  Maw's  original 
section  was  not  traversed,  and  the  present  author  does  not  offer  any 
opinion  as  to  the  origin  of  the  beds.  Intrusive  basalts  penetrate  the 
Cretaceous  rocks,  while  porphyrites,  diorites,  and  other  igneous  rocks 
pierce  the  metamorphic  rocks  of  the  central  core. 


II.— February  1,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

I.  "On  Radiolaria  in  Chert  from  Chypon*s  Fann,  MuUioa 
District  (Cornwall)."     By  Dr.  G.  J.  Hinde.  F.R.S.,  F.G.S. 

Tliis  paper  describes  the  discovery  of  a  bed  of  chert  on  the 
mainlafid,  similar  to  that  already  described  from  Mullion  Island. 
It  was  found  in  1877  by  Mr.  Howard  Fox  at  Chypon's  Farm. 
Although  detached  blocks  had  been  noticed  in  the  fields,  the  rock 
had  not  been  previously  observed  in  sitH.  The  chert  is  interbedded 
with  clay-slates,  and  it  is  a  dark  massive  rock  much  traversed  by 


Seports  and  Proceedings — Oeohgieal  Society  of  London,     131 

qoartz- veins  ;  in  some  parts  of  it  the  radiolaria  are  preserved  in  an 
UDnsaally  perfect  condition,  showing  their  latticed  structure  and 
ipines  very  distinctly.  The  radiolaria  for  the  most  part  are  casts 
ODly,  without  any  definite  bounding- walls,  their  outlines  being 
indicated  by  the  dark  material  of  the  ground  mass,  while  tlie  interior 
of  the  test  has  been  infilled  with  clear  silica,  sometimes  the  orypto- 
crystalline  variety,  at  others  fibrous  ohalceilony.  In  the  forms 
showing  the  structural  details,  these  alone  have  been  replaced  by 
the  opaque  substance,  and  are  thus  well  defined  against  the  clear 
lilica  infilling  the  test.  Eleven  species  are  described,  of  which  ten 
are  new,  while  one  has  been  previously  recognized  in  the  cherts  of 
New  South  Wales. 

2.  "  Gravel  at  Moreton-in-the-Marsh  (Gloucestershire)."    By  S.  S. 
Backman,  Esq.,  F.G.S. 

The  author  describes  certain  gravels  of  Triassic  d6bris  and  flints 

at  Moreton- in- the- Marsh,   with  special  reference  to  an  upper  bed 

^herein  the  fragments  are  mostly  in  a  vertical  position,  some  of 

them  having  their  heavier  ends  uppermost.     He  theorizes  that  the 

vertical  materials   were   the   droppings   from  melting  ice   floating 

down  a  large  river.     This  river,  formed  out  of  one   or   more  of 

ori^Dal    consequents  of    the   Thames   system,   existed   before   the 

valley  of  the  Warwickshire  Avon  had  been   excavated.     By  one 

braDch,  possibly  the  upper  Trent,  it  drained  the  Pennine  range ;  by 

another,  possibly  the  upper  Severn,  the  Welsh  hills.     Ice  formed  in 

the  upper  waters — in  these  highlands — enclosing  debris,  and  when 

a  thaw  occurred,  it  floated  down  to  the  lower  parts  of  the  river. 

The  author  notices  certain  flints  obtained  from  the  gravels.     Those 

^rom  the  upper  bed  are  quite  unabraded  ;  those  from  the  lower  bed 

have  their  edges  worn,  and  in  some  canes  battered,  while  sometimes 

thej  are  peculiarly  flaked  as  if  artificially   worked.     The   author 

surmises  that  the  date  of  the  gravel,  if  formed  by  a  river-system  as 

supposed,  is  Pliocene. 

3.  "  On  the  occurrence  of  Pebbles  of  Schorl-rock  from  the  South- 
West  of  England  in  the  Drift-deposits  of  Southern  and  Eastern 
England."     By  A.  E.  Salter,  Esq,,  B.Sc,  F.G.S. 

A  set  of  twelve  representative  specimens,  consisting  essentially  of 
quartz  and  tourmaline,  have  been  looked  over  by  Professor  Bonney, 
who  informs  the  author  that  they  consist  mainly  of  felspathic  grits, 
schorl-rock,  etc.,  similar  rocks  to  which  occur  in  the  South- VVest 
of  England.  The  most  westerly  point  at  which  the  pebbles  have 
been  detected  is  on  Great  and  Little  Haldon  Hills,  800  feet  above 
Ordnance  datum,  where  they  are  of  larger  size,  more  abundant,  and 
coarser-grained  than  elsewhere.  Thence  they  are  traced  to  the 
north  and  south  sides  of  the  Thames  Basin,  and  into  East  Anglia  at 
Walton -on- the- Naze,  Aldeburgh,  etc.  There  is  a  general  decrease 
in  height  in  the  deposits  in  which  the  pebbles  occur,  in  passing  from 
west  to  east,  and  the  pebbles  appear  to  have  taken  two  main  courses 
— one  along  a  peneplain  west  to  east  from  Dartmoor,  the  other  from 
Boath-west  to  north-east  across  England.     The  pebbles  are  absent 


132  Corr&pondenee — Prqfe89or  E,  Hull. 

from  the  Weald  and  from  the  district  around  Bagshot,  from  tbe 
Hampshire  Basin  and  its  bounding  hills  (with  the  exception  of  the 
extreme  south),  and  from  the  highest  and  presumably  oldest  gravels 
north  of  the  Thames. 

SUB-OCEANIC  PHYSICAL  FEATURES. 

Sib, — I  take  up  my  pen  with  unusual  pleasure  on  this  occasion, 
as  it  is  for  the  purpose  of  welcoming  an  adherent,  and  removing 
misapprehension  from  the  mind  of  a  supposed  opponent.  I  welcome 
the  adherence  to  my  views  of  so  able  a  physicist  as  the  Bev.  Osmond 
Fisher,  and  I  hope  to  be  able  to  remove  misunderstanding  as  to  my 
meaning  from  the  mind  of  Mr.  Jukes-Browne.^ 

Let  me  assure  Mr.  Fisher  that  I  am  well  acquainted  with  the 
paper  by  the  late  Mr.  God  win- Austen,  which  he  quotes  at  length, 
and  that  in  the  paper  on  the  sub-oceanic  physical  features  off 
the  coast  of  Western  Europe  (at  present  only  in  manuscript) 
I  commence  my  statement  by  calling  attention  to  Mr.  Oodwin- 
AuBten's  remarkable  communication  to  the  Geological  Society. 
I  wish  also  to  add  that,  in  speaking  of  the  subaerial  origin  of 
'  the  grand  escarpment/  he  is  correct  in  inferring  that  I  included 
*  wave-action '  along  a  coastline,  as  Professor  Spencer  has  also 
done  in  his  article  in  the  Geolootgal  Magazine,  January, 
1899,  p.  17.  There  is  one  point,  however,  in  Mr.  Fisher's  letter, 
towards  the  end,  which  1  would  ask  him  to  reconsider.  It 
18  quite  true  that  the  physical  features  on  opposite  sides  of  the 
Atlantic,  now  submerged,  do  possess  a  remarkable  similarity  (though 
not  identity)  of  form ;  but  I  can  scarcely  suppose  him  to  mean  (as 
his  language  seems  to  imply)  that  it  is  in  consequence  of  their 
original  union  on  two  sides  of  a  *  rent ' ;  an  impossible  hypothesis. 

I  shall  now  endeavour  to  reply,  as  concisely  as  possible,  to  the 
three  points  which  have  called  forth  rather  severe  criticism  on  the 
part  of  Mr.  Jukes-Browne. 

(1)  As  regards  the  term  'escarpment/  as  applied  to  the  descent 
leading  down  from  the  platform  to  the  abyssal  regions  of  the  ocean, 
I  quite  admit  that  the  term  is  not  strictly  geological  as  usually 
understood.  For,  although  there  may  be  portions  of  this  long  line 
of  slope  where  the  strata  may  be  in  such  a  position,  and  of  such 
a  character,  as  to  constitute  a  true  geological  escarpment  if  under 
Ihe  air,  yet  we  know  so  little  of  the  rocks  otherwise  than  by 
inference  that  we  cannot  pretend  that  this  is  the  case.  Under  the 
circumstances,  therefore,  and  notwithstanding  the  support  of  Professor 
Spencer  for  the  terra  'escarpment,'  I  am  quite  willing  to  recognize 
the  force  of  Mr.  Jukes-Browne's  objections,  and  to  drop  that  term  in 
favour  of  *  Declivity.'  This  term,  therefore,  I  intend  to  use,  with  tbe 
retention  of  the  word  *  Grand,*  in  my  paper  when  published.' 

^  FiOttors,  Geolooical  Maoazixk,  Sept.,  1898,  p.  429,  and  Nov.,  p.  627. 
^  An  nbftrRct  of  the  paper  will  be  published  by  the  Koval  Geographical  Society 
Jn  Jdurch  ;  but  the  fall  paper  later  on,  by  Ike  \ictoi\&  Institute. 
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(2)  Nexty  with  regard  to  the  formation  of  the  Grand  Deolivity 
by  Bubaerial  action,  I  now  see  where  the  obscurity  of  my  language 
le<l  Mr.  Jukes-Browne  to  misunderstand  my  meaning  when  he  says, 
'*How  the  existence  of  river- made  valleys  can  possibly  prove  the 
deolivity  to  have  been  made  by  subaerial  agencies  passes  my  com- 
prehension."     But  Professor  Spencer/  as  also   Mr.   Fisher,  have 
recognized  that  under  the  term  'subaerial  agencies'  I  included  the 
erosive  action  of  waves  and  currents  along  lines  of  cliff,  whether 
of  emei^ng  or  subsiding  land,  just  as  we  see  along  our  own  coasts 
at  the  present  day.     In  endeavouring  to  maintain,  against  some 
objectors,  that  these  sub-oceanic  features  were  produced  under  the 
air  rather  than  under  the  waters  of  the  ocean,  I  lost  sight,  for  the 
moment,  of  the   very  obvious   fact  that  rivers  and   waves   were 
the  chief  agents  in  their  formation.     I  hope  I  have  now  made  my 
meaning  dear;  but  before  leaving  this  point,  I  wish  to  add  that, 
although  both  during  emergence  and  subsidence  the  action  of  the 
Atlantic  waters  in  cutting  back  the  coast  was  doubtless  in  operation, 
it  aeems  most  probable  that  the  greatest  amount  of  work  was  done 
daring  the  doubtless  prolonged  pause  which  intervened  when  the 
change  from  the  one  direction  of  movement  into  the  other  was  taking 
place;  during  this  period,  also,  river-erosion  was   probably  most 
active. 

(3)  The  last  important  point  on  which  I   shall  touch   is  with 
Inference  to  the  geological  age  of  these  sub-oceanic  features.     I  have 
assamed  that  it  was  during  the  prolonged  period  extending  from  the 
close  of  the  Eocene  into  the  Post-Pliocene.    Mr.  Jukes-Browne  asks, 
"  Ib  there  any  reason  why  the  formation  of  the  escarpment  and  the 
onion  of  Qreat  Britain  with  Iceland  should  not  have  taken  place  in 
the  Eocene  period?"  (Geol.  Maq.,  1898,  p.  430).     Doubtless,  there 
Was  an  incipient  uprising  and  shaping  of  our  coasts  at  this  epoch,  as 
indicated  by  the  discordant  relations  of  the  Lower  Tertiary  to  the 
Cretaceous  strata.     But,  while  admitting  with  Mr.  Jukes-Browne  the 
probability  of  an  incipient  uplift,  I  strongly  hold  that  it  was  not  till 
the  succeeding  Miocene  stage  that  the  great  elevatory  movement  of 
the  Atlantic  bed  determinate ly  set  in.      The  powerful   terrestrial 
movements  during  this  and  the  succeeding  Pliocene  age,  all  over  the 
European  area  and  beyond,  accompanied  by  denudation,  need  not  here 
be  insisted  on.     But  the  point  which  concerns  our  present  inquiry  is 
this :  that  the  courses  of  the  existing  British  and  Continental  streams 
having  been  mainly  determined  during  these  later  Tertiary  periods, 
we  have  a  clue  to  the  age  of  those  now  under  the  ocean,' as  they 
ivere  once   in   physical   connection   with    them.      The   subject   is, 
however,   too   wide   and   intricate   to   be   fully  dealt   with   here  ; 
and    I   must  hasten  on   to   my  last  point,  namely,  the   epoch   of 
maximum  elevation ;  and  in  answer  to  the  second  part  of  Mr.  Jukes- 
Browne's  question   (quoted   above),  I  reply,  that  whether  or  not 
this  connection  was  established   in  the  Eocene  period,  it  is  clear 
that  it  was  continued  (or  repeated)  in  Pleistocene  times,  inasmuch  as 

^  GaoL.  Maq,,  January,  1899,  p.  17. 
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the  fauna  and  flora  are  identical,  and  both  are  of  Beoent  age; 
a  physical  connection  would  necessitate  an  uplift  of  the  ocean  bed 
to  a  minimum  extent  of  550  fathoms. 

As  regards  the  epoch  of  maximum  elevation,  I  have  already  given 
my  reasons  for  holding  that  the  extreme  cold  of  the  Glacial  Epoch 
was  the  direct  result  of  land  elevation  on  both  sides  of  the  Atlantic 
(see  my  paper  on  *'  Another  Possible  Cause  of  the  Glacial  Epoch,*' 
Trans.  Vict.  Inst.,  1898)  ;  under  this  view,  it  follows  that  the 
intensest  cold  would  probably  occur  during  the  epoch  of  maximum 
elevation,  namely,  the  early  stage  of  the  Glacial  Epoch.  I  need  not 
further  dwell  on  this  point,  which  I  have  attempted  to  deal  with 
in  the  paper  referred  to. 

But  this  communication  has  extended  far  beyond  my  original 
intention,  and  I  must  bring  it  to  a  close.  It  seems  to  me  that  this 
correspondence  has  "  cleared  the  air,"  and  that  between  the  views 
of  Professor  Spencer,  Mr.  Jukes-Browne,  and  myself  there  is  but 
little  difference;  or  the  difference  is  unimportant 

Edward  Hull. 


THE  HORIZON  OF  DINOCYSTIS  BABBOISI.^ 

Sib, — Professor  G.  Dewalque,  writing  in  your  February  numl^er 
(n.8.,  Dea  IV,  Vol.  VI,  p.  94),  gently  turns  the  Famennian  beds  of 
the  Condroz  right  way  up  again  from  the  reversed  position  into 
which  an  annoying  slip  on  p.  543  of  my  paper  had  thrown  them. 
For  this  friendly  intervention  he  has  my  thanks,  but  with  his  main 
thesis  I  am  unable  to  agree.  The  question  at  issue  is  the  horizon  of 
Dinocy$tis  Barroisi ;  to  this  all  the  rest  is  subsidiary.  Let  us  make 
the  question  clear  by  printing  the  list  of  the  horizons  of  the 
Famennian,  in  descending  order,  as  given  in  "  Legende  de  la  Carte 
Geologique  de  Belgique,  eta,"  8vo,  Bruxelles,  1896. 

DeVONIBN    SUPilRIEUB. 

Famennien  iuperieur. 

Assise  de  Comblain-au-Pont  [=Etroeungt  Limestone]. 
Assise  d'Evieux. 
Assise  de  Monfort. 
Assise  de  Souverain-Pre. 

Famennien  inferieur. 

Assise  d'Esneux. 

Assise  de  Mariembourg. 

Assise  de  Senzeilies. 
This  list  does  not  imply  an  absolute  vertical  succession  :  it  appears, 
for  instance,  that  the  Assise  d*Evieux,  with  its  rich  flora,  may  be 
a  more  littoral  faoies  of  the  Assise  de  Monfort,  while  the  Assise 

*  See  Gbol.  Mao.,  n.s.,  Dec  IV,  Vol.  V,  pp.  643-8  (December,  1898).   Footnote  1 

on  p.  547  explained  the  name  DinoeyBtit  aB  aeriyed  from  Scii^^r,  terrible.      Although 

this  seemed  peculiar,  it  did  not  occur  to  me  that  Dr.  Jaekel  must  have  intended  to 

derive  it  from  htyuv,  to  whirl  rounds  in  allu8i(m  to  the  marked  curvature  of  the  radial 

grooves.     Thus  rof^ded,  the  name  is  highly  appropriate. 
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d'Einenz  may  be  the  arenaoeoiis  equivalent  of  tlie  more  Bbaly  beds 
or  Mariembourg. 

Now  my  argniuent  was  that  Dinoegftu  Jtnrroiti,  beinj;  what  was 
ngually  oalled  an  AgeJaerinHa.  wan  with  little  lioiibt  tbe  same  as 
the  "  i4(}e/ncrinHii "  wliich  Mourlon  oited  in  18H1  ("  Gool.  <le  la 
fielgique,"  ii,  p.  23)  from  "  AHsises  ile  Montfurt  ct  d'KvUux  "  ;  anil 
therefore  LliaE  our  speQlmens  of  D.  tlarroini  hIho  came  from  tli^se 
hedij,  "  the  uppermost  member  of  tlie  true  Upper  Uuvoniaii-"  Pm- 
fsHor  Dewaltjue  Htntes  tLnt,  "for  important  reneoiis,"  he  believes 
tbe  Jgrlaerinut  of  Mourlou.  1861.  to  lie  the  Kaiue  species  as  a  ctirtuiii 
''igtrrie,"  to  which  Mr.  Mourlnn  referriMl  in  IHTo  as  liuing  iu 
"cullectioD  Malaise,"  This  "asterie,"  accoriliiig  to  Prof.  JJewalqiie, 
ii  a  specimen  of  his  Prolntler  Decheni,  from  the  AssiHe  d'Evieiix. 
If  these  beliefs  were  justified,  it  would  follow  Ihnt  Dinoeyttia 
BtTToiti  was  not  the  iiirae  as  Die  Agflanimu  of  Moiirton.  and  it 
would  be  referred  to  tlie  same  horizon  on  no  better  eviilenuo  than  an 
inaccurate  dealer's  label. 


Sinoe  the  validity  of  Profesi 
depends  on  "  important  reftsoiiH,' 
n^rding  it  until  thoa« 
authority  of  my  crilio 
iscoiiiprehensible  an  i 
tieologiqiie  de  Bslgiqi 
afresh. 

The  resultB  more  tbanjnslify  my  former  infei 


Dawalqtie's   criticism    entirety 

0  sliould   be  warritttt«d  in  dis- 

been  pnbliHbeil.     Hut  ilie  bi(;li 

ess  than  tlie  difGculty  of  altribntitii;  ho 

to  tlie  learned  director  of  the  StTvice 

IS  led  nie    to    invesli(;ale    the   qutrslion 


Limcj/tlit  liarroiii :  phntnf^rapliic  reptodudion  (miuoirl  tn  £)  of  n  pencil- drawing 
msdi-  for  Mr.  Bilnurinn  in  lf)8l,  from  thi-  iqiuciiiiFn  t1i<-n  rcCorrnl  bj'  him  to 
Ai/rUurinHt.  The  piiHition  of  tlie  nna!<  niu  not  nbrn-rvfil  hr  tli«  drnujrhts- 
msD :  it  ma^  wall  hsvc  bera  io  tlin  rather  irregtikr  interrodiuH  to  tbe  right 
in  the  drawing  of  tbe  actinal  nurfacG. 

Professor  C.  Iklalaiee  kindly  informs  me  that  the  above- mentioned 
"  aeturie  "  is  still  in  his  collection,  that  it  is  n  specimen  of  Protnuifr 
Dtrheiii,  Dewulque,  and  that  the  bed  at  Walconrt  from  whii:li  it 
cum-  belongs,  in  his  opinion.  i(y  the  Asiine  d'Emieiix  (not  the 
Aiisife   d'Evieux,    to    which    the   type-specimen  w  aow    teWttu^Y 
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Mr.  Mourlon  most  oourteously  sends  me  a  drawing,  here  reprodnced, 
of  the  specimen  mentioned  by  him  as  **  Agelaerinus**  in  1881.  It  is 
not  the  "ast6rie"  of  Professor  Malaise ;  it  is  not  a  Frotasier  Deeheni, 
or  any  kin  thereto;  but  it  is  a  fine  specimen  of  an  Edrioasteroid, 
as  large  as,  and  more  perfect  than,  the  British  Museam  specimen 
E  7581,  with  actinal  and  abactinal  surfaces  clearly  shown ;  and  it 
belongs  inoontestably  to  Dinoeyatis  Barroiii,  F.  A.  Bather. 

British  Museum  (Natubal  Hibtobt). 
February  6,  1899. 


WILLIAM   COLCHESTER,  J. P.,  F.G.S. 

BoKN  July  21,  1813.  Died  Notbkrbb  15,  1898. 

Amongst  geologists  and  agricnlturists  the  name  of  William 
Colchester  will  always  be  associated  with  the  Su£folk  Crag  and 
the  Cambridge  Greensand,  and  the  exploitation  of  these  deposits 
as  sources  of  artificial  manure  for  the  farmers,  and  which  have  so 
largely  added  to  the  fertility  of  the  soils,  not  only  at  home  but  in 
all  parts  of  the  civilized  world.  Coming  of  a  Gloucestershire  family, 
William  Colchester  was  the  eldest  son  of  the  late  Mr.  Benjamin 
Colchester,  and  spent  his  early  life  at  Dedham,  near  Colchester, 
Essex.  Like  the  late  Sir  Joseph  Prestwich,  he  was  educated  at 
University  College,  London,  and  it  was  originally  intended  that 
he  should  follow  the  profession  of  an  architect.  In  early  life  he 
tiavelled  much  in  Italy,  studying  classic  and  medisdval  architecture. 
He  afterwards  visited  Russia,  chiefly  in  order  to  learn  the  Slavonic 
language.  On  his  return  to  England  Mr.  Colchester  became 
identified  with  the  late  Mr.  John  Chevalier  Cobbold,  formerly 
M.P.  for  Ipswich,  in  connection  with  the  importation  of  timber. 
In  course  of  time  Mr.  Colchester  associated  himself  with  the  ports 
of  Ipswich  and  London  in  the  carrying  trade,  and  became  a  large 
shipowner,  lliis  led  to  the  development  of  an  extensive  ship-  and 
barge-building  industry  at  the  Cliff,  Ipswich,  which  he  carried  on 
in  conjunction  with  his  other  business  for  many  years. 

Some  idea  of  the  extent  of  this  shipping  business  may  be  gathered 
from  the  fact  that  the  fleet  of  vessels  belonging  to  the  firm  at  that 
time  numbered  more  than  thirty  ;  whilst  the  fleet  of  shrimpers  built 
and  equipped  by  him  fifty  years  ago  which  sail  from  Harwich  aro 
still  known  as  *  Colchester's  Fleet.'  They  were  originally  used  for 
dredging  up  septaria  from  the  London  Clay  off  the  port  of  Harwich. 

The  concretions  known  as  *  septaria '  form  the  raw  material  from 
which  Roman  or  Portland  cement  was  manufactured,  an  industry 
extensively  carried  on  by  Mr.  Colchester  fifty  years  ago.  These 
dredging  operations  were  also  of  great  importance  in  deepening  the 
channel  at  the  mouth  of  the  River  Orwell,  which,  owing  to  the  set 
of  the  tides,  was  liable  to  be  obstructed  by  the  formation  of  a  bar 
across  its  estuary. 

In  1843,  after  an  excursion  in  the  Crag  district  in  the  neighbour- 
hood around  Ipswich  in  company  with  his  friends  Colchester  and 
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Prestwich,  the  Rev.  Profesfior  Henslow  called  the  attention  of  the 
Geological   Society   of  London   to   the  great    heds   of  shingle    at 
Felixstowe,  where  the  pebhles  contained  so  large  a  proportion  of 
phosphate  of  lime  that  he  was  "convinced  they  must  all  be  con- 
Bideied  as  of  coproliiic  origin"  and   amongst  which  he  found  the 
fossil  tympanic  bones  of  several  kinds  of  whales,     llie   practical 
mind  of  William   Colchester  soon    enabled   him    to   turn   this  to 
account,  and,  after  consultation  with  Mr.,  now  Sir«  John  Lawes, 
a  company  was  formed  known  as  Lawes*s  Chemical  Manure  Com- 
pany, of  which  Mr.  Colchester  was  Chairman  for  many  years. 

The  first  area  worked  by  this  Company  for  obtaining  the  raw 
material  for  the  production  of  artificial  phosphates  for  agricultural 
purposes  was  in  the  Suffolk  Crag,  and  extended  from  Felixstowe 
through  Melton,  Bawdsey,  Orford  Castle,  to  Sutton  Haugh. 

It  was  fortunate  that  Mr.  Colchester  was  a  geologist  in  addition  to 
lieiog  a  keen  man  of  business,  otherwise  the  wholesale  destruction 
of  the  Suffolk  Crag  over  this  large  area,  in  the  search  for  artificial 
nunure,  would  have  resulted  in  an  irreparable  loss  to  geological 
KJenoe ;  but  during  the  whole  period  the  diggings  were  being  carried 
OD.  the  workmen  were  encouraged  to  collect  and  presei-ve  the  more 
interesting  specimens  of  teeth  and  bones  of  mammalia  and  fiuhes, 
vhich  form  no  inconsiderable  part  of  the  Crag  nodules,  and  of  which 
the  museums  of  Ipswich  and  York,  the  British  Museum,  and  many 
others  contain  abimdant  examples.  The  Crag  deposits  of  Suffolk 
and  Norfolk  yield  numerous  remains  of  Pliocene  Vertebrata  mingled 
^ith  derivative  fossils  from  earlier  Miocene  and  p]oceiie  strata. 

Since  the  opening  of  the  phosphate  diggings,  large  collectiouH  have 

been  made  by  the  late  Mr.  Edward  Charleswortli,  F.G.S.,  Messi-s. 

Jaa.  Baker  and  W.  Whincopp,  of  Woodbridge,  Sir  Joseph  Prestwich, 

the  Rev.  F.  Canham,  and  others.     Mr.  Colchester's  own  collection 

Was  lately  given  to   the    Ipswich  Museum,   where    Mr.   Canhani's 

collection  (purchased  for  the  town  by  the  late  Sir  Richard  Wallace) 

is  also  preserved.    The  other  collections  are  now  mostly  acquired  by 

the  British  Museum,  and,  through  the  liberality  of  Mr.  William  Reed, 

F.G  S.,  for  the  York  Museum. 

Large  works  were  erected  at  Ipswich  for  the  crushing  and  grinding 
to  fine  powder  of  the  raw  coprolite,  and  it  was  no  uncommon  thing 
in  those  days  for  frequent  special  trains  to  be  running  laden  with 
thousands  of  tons  of  the  newly  discovered  mineral,  hi  the  experience 
of  the  late  manager,  we  are  told  that  sometimes  as  many  as  fourteen 
vessels,  steamers,  etc.,  have  been  waiting  their  turn  to  load  at 
Mr.  Colchester's  works,  in  the  Cliff  Bight,  Ipswich. 

Mr.  Colchester  also  acquired  large  chemical  works  at  Rainham, 
and  at  his  death  was  still  a  proprietor  of  land  around  that  place. 
He  was  also  the  originator  of  the  **  Manganese  Bronze  Company," 
and  was  the  inventor  and  manufacturer  of  steam-ship  propellers  for 
the  motive-power  of  our  great  ocean-going  liners. 

After  the  cessation  of  the  Suffolk  Crag  Coprolite  Works  Mr. 
Colchester  became  interested  in  the  Cambridge  Gref^nsand  Coprolite 
DiggiugSf  And  joined  Mr.  T.  T.  Ball  in  the  Burwell  Works.     Some 
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twelve  yean  ago  be  restored  the  old  manfiion  of  Biirwell  Hall,  and 
rebuilt  it  much  on  tbe  lines  of  Springfield  House,  Ipswiob,  bis  tben 
residence,  and  thereafter  he  made  his  home  at  Burwell. 

He  was  elected  a  Fellow  of  the  Oeological  Society  of  London  in 
1857  (but  did  not  communicate  any  papers  to  the  Society) ;  tie  was 
also  elected  a  Member  of  the  Geological  Club  in  December,  1882. 

Mr.  Colchester  married  in  1840  Miss  Kate  Bright,  a  daughter  of 
the  well-known  Maldon  family  of  that  name,  and  in  1890  celebrated 
his  golden  wedding,  with  all  his  numerous  family  around  him. 
The  surviving  four  sons  and  four  daughters  were  present  at  his 
funeral  with  several  of  his  grandchildren. 

During  Mr.  Colchester's  long  life  of  85  years  he  retained  his 
mental  and  bodily  activity  almost  to  the  last,  and  whilst  carrying 
on  an  enormous  amount  of  business  engagements  he  found  time  to 
form  numerous  pleasant  and  lifelong  friendships  with  eminent 
geologists,  and  to  attend  the  meetings  of  the  Societies  in  Loudon, 
and  those  of  the  British  Association  for  many  years. 


PROF.  H.  A.  NICHOLSON,  M.D.,  D.Sc,  F.R.S.,  F.L.S.,  F.G.S. 

BoRK  Sbptbmbbr  11,  1844.  Died  Jakuabt  19,  1899. 

(WITH  A  PORTRAIT,  PLATE  IV.) » 

Hbnrt  Alleynb  Nicholson  was  born  at  Penrith;  his  father, 
Dr.  Jolin  Nicholson,  was  a  well-known  Oriental  sdiolar,  and  his 
grandfather  was  President  of  Codrington  College,  Barbados.  He 
received  his  early  education  under  Francis  Newman  and  at  Appleby 
Grammar  School,  and  then  went  to  the  University  of  Gottingen, 
where  he  worked  under  Professor  Keferstein,  the  distingiUHhed 
zoologists  From  1862  to  1867  he  studied  medicine  at  the 
University  of  Edinburgh,  and  graduated  in  this  latter  year  as 
Bachelor  of  Medicine  and  Master  of  Surgery,  taking  first-class 
honours  in  all  subjects,  and  obtaining  the  University  Gold  Medal 
for  his  graduation  thesis,  **  On  the  Geology  of  Cumberland  and 
Westmoreland  " ;  this  was  subsequently  published,  with  a  dedica- 
tion to  his  friend  and  teacher,  Professor  Harkness,  of  Queen's 
College,  Cork,  in  whose  company  in  the  field  Nicholson  worked 
out  the  geology  of  the  districts  in  question.  In  addition  to  the 
more  strictly,  medical  studies  of  the  University  he  worked  earnestly 
at  the  Natural  Sciences  under  the  teaching  of  Goodsir,  AUman,  and 
Balfour,  and  graduated  as  Bachelor  of  Science  in  1866,  receiving  the 
Baxter  Scholarship  in  the  Natural  Sciences,  and  in  the  following 
year  he  took  the  degree  of  Doctor  of  Science.  In  1869  he  proceeded 
to  the  degree  of  Doctor  of  Medicine,  and  was  awarded  at  the  same 
time  the  Ettles  Medical  Scholarship  of  the  University,  as  the  most 
distinguished  student  of  his  year  in  medicine. 

The  first  position  occupied  by  Professor  Nicholson  after  the 
conclusion  of  his  brilliant  student  career  was  that  of  Lecturer  on 

^  For  permission  to  reproduce  this  excellent  portrait  of  onr  lost  friend  we  are 
int^t^hted  to  the  editors  oi  '*  Alma  Mnter,*'  and  to  its  publidhers,  Messrs.  W.  &,  AV. 
UmUnVf  Aberdeen. — Edit.  Glol.  Maq. 


Dec  IV.  Vol.  VI,  n.  IV. 
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Natural  History  in  the  Extramural  Sohool  of  Medicine  at  E<linburgh, 

and  for  a  short  time  altio  he  practiBotl  medicine.     In  1871  he  was 

appointed  to  the  chair  of  Natural    History  in   the  Univertiity   of 

Toronto,   which  he  held  for  three  years.     During  this  period   he 

carried  out  successfully,  not  only  his  professorial  duties,  hut  also, 

at  the  request    of    the    Provincial    Government    of    Ontario,    an 

invest igatiun  into  the  Fauna  dredged  up  from  Lake  Ontario,  and 

an  examination  of  the  fossils  of  the  Silurian  and  Devonian  rooks 

of  the  province,  of  which  he  made  an  extensive  collection.     They 

were  described  and  figured  in  two  lengthy  Reports,  which  were 

pablisbed    by    the   Government  of  Ontario.      Professor  Nicholnon 

was  also  entrusted  by  Dr.  Newberry,  the  State  Geologist  of  Ohio, 

with  the  desciiption  of  the  Fossil  Corals  and  Polyzoa  of  that  State, 

and  his  Report  on  them,  accompanied  by  five  quarto  plates  of  figures, 

drawn  by  Nicholson's  own  hand,  appeared  in  the  second  volume  of 

tbe  "  Palawntology  of  Ohio." 

During  his  residence  in  Toronto,  also,  his  "  Manual  of  PalsBon- 
tology  "  was  first  published,  and  the  first  part  of  the  Monograph  of 
the  British  Graptolites  was  issued  in  the  same  year  (1872). 

It  will  be  readily  understood  that  to  a  man  like  Professor 
Mobolson,  with  superabundant  energy  for  original  scientific  work, 
the  somewhat  isolated  position  of  Toronto  would  be  less  favourable 
for  his  special  pursuit  than  a  centre  of  learning  within  the  British 
I^les,  and  it  is  not  therefore  surprising  that  he  should  have  availed 
himself  of  an  opportunity  of  returning  homewards,  which  occurred 
^^  1874,  when  he  was  appointed  Professor  of  Comparative  Anatomy 
^^^  Zoology  in  the  Royal  College  of  Science,  Dublin  ;  but  before  he 
^hed  that  city  he  was  offered  the  more  acceptable  position  of 
I^rofessor  of  Biology  in  the  Durham  College  of  Physical  Science  and 
^edicine.  For  two  sessions  he  lectured  at  Newcastle-on-Tyne,  an<l 
I'^^Q  he  accepted  the  offer,  unsolicited  on  his  part,  of  the  Chair  of 
^^atural  History  in  the  University  of  St.  Andrew's. 

At  St.  Andrew's,  where  Professor  Nicholson  remained  seven  years 

(187o-1882),  he  may  be  said  to  have  created  the  study  of  Natural 

Jl'stjry,  and  he  likewise  took  a  very  active  part  in  the  extension  of 

^'iiversity    teaching  to  Dundee,    and   fur   several    years   delivered 

^^^^tematic  courses  of  lectures  to  the  Ladies'  Educational  Association 

^^  St  Andrew's,  Dundee,  and  Cupar.     At  the  same  time  he  foun<l 

opportunity  to  carry  out  an  immense  amount  of  original  work,  more 

P^t'ticularly  in  the  investigation  of  Fossil  Corals,  on  which  subject, 

^  addition  to  numerous  minor  papers,  he  published  two  elaborate 

ponographs — one  "  On  the  Structure  and  Affinities  of  the  *  Tabulate 

^rals*  of   the  PalsBozoic  Period,"  in  1879;    the  other  "On   the 

^i*ucture  and  Affinities  of  the  Genus  Monticulipora  and  its  Sub- 

^^^era,"  in  1881.     Another  important  monograph  of    this  period, 

*^oduced  in  collaboration   with  Mr.  R.  Etheridge,  Jan.,  is  that  on 


ks  of  Zoology,  and,  in  1879,  a  second  ediliou  ol  t.\i\^  ^^\iw>d\.  v^^ 
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PalfBontology,  largely  rewritten  and  so  increased  by  the  addition 
of  new  matter  as  praotioally  to  be  oonsidered  a  new  book. 

In  the  Summer  session  of  187B~9,  ProfesRor  Nicholson  deli  vend, 
at  the  request  of  the  Senate  of  the  University  of  Edinbargh,  tlie 
course  of  Natural  History  lectures,  in  the  stead  of  Profeasor  Sir 
Wyville  Thomson,  iucapacitated  by  illness,  and  he  also  oondncted 
the  oourse  during  the  two  following  sessions.  On  the  resignation 
of  Sir  W.  Thomson,  Nicholson  became  a  candidate  for  the  Chair, 
but  Professor  Ray  Lankester,  now  the  Director  of  the  British 
Museum  of  Natural  History,  Cromwell  Road,  received  the  appoint- 
ment, which  he  shortly  after  renouuced,  and  the  position  was  then 
given  to  Dr.  Cossar  Ewart.  By  many  of  the  friends  of  Professor 
Nicholson,  the  slight  shown  to  him  by  his  own  University  in  thus 
passing  over  his  undoubted  superior  claims  as  a  teacher,  was 
attributed  to  the  influence  of  a  small  faction,  whose  opposition  was 
stirred  up  by  the  independence  of  Nicholson's  views  as  to  the  all* 
sufficiency  of  the  Darwinian  theory  of  Evolution. 

In  1882  Professor  Nicholson  accepted  the  appointment  of  Regius 
Professor  of  Natural  History  in  the  University  of  Aberdeen,  which 
he  held  for  the  remainder  of  his  life.  In  addition  to  his  official 
work,  he  still  continued  his  researches  on  fossil  Corals  and  Monti- 
culiporoids,  and  contributed  several  papers  on  these  organisms  to 
the  Annals  and  Magazine  of  Natural  History  and  to  the  Qsologioal 
Magazine.  Some  of  the^e  papers  were  written  in  conjunction  with 
Dr.  A.  H.  Foord  and  Mr.  R.  Etheridge,  jun.  Rut  the  most  im- 
portant original  work  produced  at  this  time  was  the  monograph  of 
the  British  Stromatopornids  publinhed  by  the  Palasontographical 
Society  (1886-1892).  The  seventh  edition  of  the  Manual  of 
Zoology,  which  had  been  wholly  recast  and  almost  entirely  re- 
written, appeared  in  1887,  and  two  years  later  a  third  edition  of  the 
Manual  of  Palaeontology,  in  which  the  additions  were  on  a  still  more 
extended  scale,  was  published.  In  this  edition  the  first  volume, 
containing  the  "  General  Introduction  "  and  the  **  Palaeontology  of 
Invertebrates,''  was  the  work  of  Professor  Nicholson,  whilst  the 
Second  was  written  by  Mr.  R.  Lydekker. 

Coming  to  a  more  recent  period,  the  passing  into  law  of  the  new 
University  Ordinances  in  Scotland  involved  a  large  amount  of  extra 
work  in  connection  with  the  reorganization  of  the  University  classes, 
and  to  this  object  Nicholson  devoted  all  his  available  energy,  to  the 
entire  exclusion  of  original  rcKearch,  which  he  looked  forward  to 
resuming  at  a  future  opportunity.  As  part  of  the  revised  system, 
he  introduced  courses  of  lectures  on  Systematic  and  Practical 
Geology  and  advanced  laboratory  work  in  the  same  science,  and 
he  voluntarily  undertook  this  geological  teaching  without  extra 
remuneration.  Such  practical  zeal  on  behalf  of  his  favourite  science 
was  not  lost  on  his  students,  for  the  numbers  attending  the 
geological  course  increased  from  twenty  when  first  started  to  eighty 
at  the  end  of  three  or  four  yeare. 

Professor  Nicholson's  ability  as  a  teacher  and  lecturer  was  pre- 
eminent.    It  has  been  said  of  him  by  an  old  friend  that  he  was 
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a  '  heaTen-bom '  teacher ;  however  this  may  be,  the  writer  oan 
Mifj  that  his  lectures,  in  the  early  days  of  his  professorial  career, 
were  characterized  by  the  same  fluent  delivery,  without  a  shadow 
of  hesitation,  by  the  same  clearness  of  exposition,  making  a  complex 
rabject  appear  simple  to  the  understanding,  and  by  the  same  fulness 
of  illustration,  which  distinguished  them  throughout  the  succeeding 
years.  It  is  not  surprising  that  these  lectures  secured  the  attention 
of  fall  classes  of  University  students,  so  that  discipline  was  never 
called  for,  and  they  proved  equally  as  attractive  and  fascinating  to 
the  mixed  general  audience  who  heard  the  courses  of  Swiney 
leotares  on  geological  subjects,  which,  on  the  appointment  of  the 
Trustees  of  the  British  Museum,  were  given  by  Professor  Nicholson 
for  several  successive  years  (1878-82, 1890-94)  at  South  Kensington. 
Although  the  delivery  of  the  lectures  appeared  to  be  without  effort, 
and  as  it  were  natural  on  the  part  of  the  lecturer,  they  involved  no 
small  expenditure  of  mental  energy,  and  their  success  was  due 
largely  to  the  careful  preparation  bestowed  on  them  beforehand. 
The  various  subjects  were  illustrated  by  numerous  well-executed 
diagrams,  all  the  work  of  Nicholson's  own  hand,  and  these  were 
lopplemented  by  chalk  sketches  on  the  blackboard  drawn  with 
Toady  aptitude  as  occasion  required,  and,  when  possible,  by  demon- 
atration  of  actual  specimens.  Nothing  was  omitted  which  would 
ha  of  service  in  elucidating  the  subject  of  a  lecture,  and  the 
time  allotted  for  it  passed  all  too  quickly,  at  all  events  on  the  part 
of  those  who  listened. 

The  departments  of  Science  for  which  Professor  Nicholson  felt 
*he  strongest   predilection   were   Field   Geology  and  Invertebrate 
Palaeontology.      For   the   study   of    the   former,   no    scenes   more 
favourable   could   have   been   chosen   than    those   surrounding  his 
birthplace   and   the  home  of  his  boyhood  in    the   Lake  District; 
here  most  of  his  holidays  were  spent,  and  rest  and  renewed  vigour 
obtained    in    working    out    in   detail   the   complicated   geological 
structure  and  collecting  the  fossils  from  the  rocks  for  subsequent 
study.     As  already  mentioned,  his  graduation   thesis  consisted  of 
an  essay  on  the  Geology  of  Cumberland  and  Westmoreland ;  but 
previous  to  this,  he   had   already  published,  in  conjunction  with 
Professor  Harkness,  a  paper  of  **  Additional   Observations  on  the 
Geology  of  the  Lake  Country,"  and  also  *•  On  the  Coniston  Group," 
announcing  the  discovery  of  a  rich  Graptolite  fauna  in  the  Coniston 
Flags  of  Sedgwick.     Other  papers  on  the  Green  Slates  and  Por- 
phyries between  UUeswater  and  Keswick  and  on  the  Borrowdale 
Series  and  Coniston  Flags  appeared  in  1871    and   1877.     A   still 
luore  important  memoir   on   the   Stockdale   Shales,  in  which   the 
work    and    the    honour    were    shared    equall}'    with    his    friend 
Professor  J.   E.  Marr,   was  brought  out  in   1888.     In  this  paper 
the  Stockdale  Shales  were  shown  to  be  capable  of  division  into 
a  series  of  zones  based  on  lithological  characters  and  their  contained 
fossils,  mainly  graptolites,  and  additional  evidence  was  thus  fur- 
nished of  the  value  of  these  organisms  as  a  means  of  comparison 
o£  Lower  Palaeozoic  rocks  of  distant  areas.     A  shorter  paper  by 
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the  same  authors,  whioh  appeared  subseqnently,  dealt  with  the  age 
and  the  fossils  in  the  various  formations  in  the  Cross  Fell  Inlier. 

Professor  Nicholson's  researches  in  Invertebrate  PaliBontology 
were  concerned  mainly  with  Graptolites,  Corals,  Monticuliporoids, 
and  Stromatoporoids.  He  first  devoted  his  energies  to  the  Orapto- 
lites,  with  whioh  some  of  the  beds  in  the  Lake  District  are  crowded, 
and  described  those  in  the  Skiddaw  Slates,  pointing  out  their  close 
resemblance  to  tlie  forms  in  the  Quebec  Group  of  Canada.  Thea 
followed  papers  on  Ptilograptua;  HelicograpiM,  a  new  genus;  the 
Distribution  in  time  of  the  British  species  and  genera  of  Graptolites; 
the  Graptolites  of  the  Coniston  Flags;  British  species  of  DidymO' 
graptns  ;  and  on  the  genus  Climaeograpttu,  with  notes  on  the  British 
species  of  the  genus.  These  detached  papers  were  succeeded  by  the 
first  part  of  a  detailed  monograph  on  the  Graptolites  of  Britain,  in 
which  the  history,  morphology,  the  nature  and  functions  of  the  base, 
mode  of  existence,  geological  distribution,  and  definition  of  the 
various  genera  of  the  group  were  ably  treated.  Further  work  was 
interrupted  by  Nicholson's  residence  in  Canada,  and  not  again 
resumed  (save  in  a  brief  but  important  paper  jointly  with  Professor 
Marr,  dealing  with  the  phylogeny  of  the  group,  which  appeared  in 
the  Gkol.  Mao.,  Dec.  lY,  Yol.  II,  1895) ;  the  task  thus  relinquished 
passing  thenceforward  into  the  hands  of  his  friend  Professor  Chaa. 
Lap  worth.  It  is  well  known  that  the  study  of  the  Graptolites  in  the 
rocks  of  this  country  is  very  difficult  on  account  of  their  compressed 
condifion  of  {jreservation,  and  it  required  much  critical  acumen 
on  Nicholson's  part  to  decipher  their  characters  so  correctly  as  he 
has  done. 

Tiie  marvellous  abundance  and  variety  of  forms  of  Corals  and 
]\IonticnliporoidH  in  the  Palaeozoic  rocks  of  North  America  induced 
Nicholson  to  make  large  collections  of  them  during  his  stay  on  that 
side  of  the  Atlantic,  and  they  furnished  the  materials  for  many 
years'  study  after  his  return.  At  the  time  when  he  began  his  work 
on  these  organisms,  the  practice  of  making  thin  sections  to  show 
their  interior  structure  had  not  come  into  vogue;  Nicholson  was  one 
of  the  first  to  appreciate  the  advantages  of  this  method  of  investi- 
gation, so  he  procured  a  lajndary's  wheel,  and  with  unwearied 
diligence  set  himself  to  make  thin  slices,  in  various  directions,  of  all 
the  forms  he  studied,  and  then  mount  them  for  the  microscope.  By 
this  means  he  was  enabled  to  ascertain  the  real  structure  of  the 
fossils,  and  to  define  their  characters  with  a  precision  not  previously 
attainable.  The  fresh  knowledge  thus  obtained  of  the  actual 
anatomy  and  systematic  relations  of  the  Palaeozoic  Corals  and 
Monticuliporoids,  formed  the  basis  of  the  two  elaborate  monographs 
on  these  groups,  and  gave  to  them  a  special  value  and  interest 
Nicholson's  determinations  of  the  systematic  affinities  of  some  of 
these  forms  were,  as  he  himself  acknowledged,  of  a  tentative  character, 
and  the  tendency  of  recent  opinion  with  respect  to  the  Montiouli- 
poroi<l  group  is  to  associate  it  with  the  Polyzoa  rather  than  with 
t)w  Cornh,  where  it  had  been  placed  by  Nicholson,  but  this  in  no 
wise  afTeotB  the  accuracy  of  his  descriptions  and  figures  of  the 
various  forma  of  the  group  given  in  tVieiie  moi^io^xQii'^Xi^. 
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The  Monofipraph  of  the  British  Stromatoporoids  will  probahly  be 
regarded  as  NicholaoD'a  most  important  oontribiition  to  Palsdontology. 
The  dubioaa  oharaoter  of  these  fossils  is  plainly  indicated  by  the 
Tarioas  oonflioting  opinions  held  about  them  by  many  leading 
paladontologists,  and  even  our  author  found  it  needful  to  abandon 
bis  own  earlier  views  of  their  nature.  Nothing  daunted,  however, 
be  continned  his  researches,  and  gathering  his  materials  from  the 
Silnrian  and  Devonian  rocks  of  Britain  and  North  America,  also 
from  the  Silurian  of  Esthonia  and  the  Devonian  deposits  of  Germany, 
lie  made  personally  more  than  a  thousand  microscopic  slides  from 
tbe  specimens.  The  wonderful  variety  and  beauty  of  the  minute 
itractures  shown  in  these  slides  were  represented  in  perfect  detail 
in  the  drawings,  made  by  Nicholson  himself,  which  occupied  the 
twenty-nine  quarto  plates  and  the  woodcuts  in  the  text  of  this 
monograph.  As  the  result  of  these  extended  investigations, 
I^icholson  was  enabled  to  show  conclusively  that  the  Stromato- 
poroids belonged  to  a  special  division  of  tiie  Hydrozoa,  a  relatiouKhip 
/which  had  l>een  already  suspected  by  Lindstrom  and  Carter.  It  is 
satisfactory  to  know  that  the  grand  series  of  specimens  and  the 
ntcroBoopic  sections  made  from  them,  which  formed  the  basis  of 
this  model  monograph  on  the  Stromatoporoids,  have  pasKed  into 
the  possession  of  the  British  Museum  (Natural  History),  Cromwell 
Biiad,  and  we  believe  that  the  typical  specimens  of  Nicholson's 
collection  of  Graptolites  are  also  in  the  same  institution. 

Professor  Nicholson  further  took  great  interest  in  the  nature  of 
oprtain  anomalous  organisms  which  are  concerned  in  the  formation 
of  some  of  the  Palaeozoic  Limestcmes.  such  as  Solenopora,  Dyb., 
Miuheldeanin,  Weth.,  and  Girvnnella,  Nich.  &  Eth.,  and  described 
and  figured  them  very  fully,  and  he  also  very  satisfactorily  cleared 
^p  the  doubtful  points  relating  to  the  structure  of  the  genus 
Parieria^  Carp. 

But  Nicholson's  services  to  his  favourite  sciences  were  not  confined 

to  original  researches,  for  his  Manuals  and  Text-books  of  Zoology 

and   Palaeontology   may    deservedly    be   considered    as    important 

adjuncts  to  their  advancement.     They  are  characterized  by  clearness 

and  perspicuity  of  style,  atid  by  the  number  and  excellence  of  the 

figures  and  diagrams  with  wliioh  they  are  illustrated.     That  they 

are  widely  used  is  shown  by  the  number  of  e^litions  which  have 

been  called  for,  and  in  each  successive  edition  there  is  such  a  large 

amount  of  additional  matter  as  to  entitle  the  book  to  he  regarded  as 

new.     This  is  well  exemplified  in  the  **  Manual  of  Palaeontology." 

the  first  edition  of  which  was  a  single  volume  of  601    pages  and 

401  figures,  whilst  the  third  edition  comprises  two  volumes,  with 

1,624  pages  of  letterpress  and  1,419  figures.     Only  the  first  of  these 

volumes,  which  deals  with  Invertebrate  Fossils,  is  by  Nicholson's 

own  hand  ;  it  is  rendered  especially  valuable  to  the  practical  student 

by  the  careful  descriptions  and  figures  of  the  microscopic  structures 

of  the  difierent  kinds  of  organisms  occurring  in  the  rocks,  so  that 

they  can  be  recognized  in  thin  sections.     This  volume  is  the  most 

complete   general  work  on   Invertebrate  Palseoutolog^   vi\i\^\i  W^ 

appeared  id  the  EngJiab  language. 
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Only  eoine  of  the  principal  works  or  Professor  Nioliolson  have 
been  mentioner)  nboTe ;  besides  these,  a  larf^  number  of  separato 
papers  on  geological  and  palaaontologioal  subjects  were  contributed 
by  him  to  the  journals  of  aoieatiSo  societies  and  to  scientific 
pnriodicals.  So  tar  as  can  be  ascertained,  there  are  of  these  138 
entirely  written  by  Nicholson,  and  27  joint  papers,  his  oo-workt-ra 
in  the  latter  liaTing  been  Mr.  R.  Echeridge,  jun..  Dr.  A.  H.  Foord, 
Professors  HurkneBS,  Lapworth,  and  Marr,  and  Ur.  Hurie. 

Professor  Nitiliolson  was  elected  a  Fellow  of  the  Geolopcal 
Society  in  1867.  of  the  Linntean  Society  in  1876.  and  of  the  Royal 
Society  in  1897.  In  1879  the  Council  of  the  Geologioal  Society 
awarded  to  him  the  Lyell  Fund  and  in  1668  the  Lyell  Medal,  "in 
appreciation  of  his  valuable  researches  among  the  older  Paheosoic 
rocke,  both  iu  the  Old  and  New  World,  and  of  bJs  oontinaed  and 
pntient  investigations  into  the  organizfttion  of  some  of  the  obacurer 
forms  of  life  which  abounded  at  the  period  of  the  deposition  of 
these  rocks." 

Even  beyond  the  intellectual  ability  and  high  qualificationa  which 
characterized  Professor  NioholsoD  as  a  teacher,  hia  geniality  and 
sympalhelic  disposilinn  won  for  him  the  hearty  respect  and  admiration 
of  his  students  and  friends.  All  those  who  were  brought  in  contact 
with  hira  were  charmed  and  attracted  by  the  genuine  cordiality  and 
frankness  which  speedily  removed  the  feeling  of  restraint  and  enlisted 
one's  full  confidence  in  him.  To  fellow- workers  in  his  favourite 
branches  of  science  he  always  extended  the  true  spirit  of  comrade-  - 
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I— Ok  thb  Eabtsbn  Margin  of  thk  North  Atlamtio  Basin. 

By  Wilfrid  H.  Hudlbston,  M.A.,  F.R.S.,  F.L.8.,  F.G.8.,  etc. 
{Concluded  from  the  March  Number ^  p,  105.) 

Part   II.  —  The    Ioelandio    Shallows.^ 
(PLATES  V,  VI,  AND  VII.) 

QDITTING  the  more  northern  parts  of  the  great  Atlantic  depression, 
we  have  next  to  consider  an  extensive  water-space  of  a  much 
Bhallower  character.  Here  the  volcanic  masses  of  Iceland  and  the 
Fberoes  with  their  suhmarine  attachments  have  produced  a  marked 
effect  on  the  depths  of  the  ocean.  The  Norwegian  Atlantic  connects 
^th  the  main  Atlantic  by  three  straits,  whose  central  channels 
present  the  following  depths  at  their  shallowest : — 

The  Fseroe- Shetland  Channel 319  fathoms. 

The  Fseroe-Iceland  Platform     277      ,, 

The  Denmark  Straits      319      ,, 

The  FsBroe-Shetland  Channel,  sometimes  known  as  the  Lightning 

Channel,  is  one  of  great  interest  to  us.     It  runs  up  from  the  axis  of 

the  Norwegian  Atlantic  in  depths  of  about  600  fathoms,  when  it 

Middenly  abuts  on  the  Wyville  Thomson  ridge,  which  is  a  kind  of 

submerged  causeway  running  from  the  Shetland  bank  to  the  Feeroe 

bank.     The  extreme  depth,  in  the  centre,  to  which  this  ridge  is  now 

submerged,  may  be  taken  at  319  fathoms,  or  1,914  feet.     To  make 

things  perfectly  safe,  we  should  require  an  elevation  of  this  part  of 

the  sea  bed  to  the  extent  of  2,000  feet  in  order  to  walk  over  to 

Iceland  without  wetting  our  shoes,  and  an  equal  amount  of  elevation 

in  the  Denmark  Straits  would  enable  us  to  extend  our  journey  to 

Greenland.      But   it  must  not  be  supposed   that   an   elevation   of 

2,000  feet  would  do  more  than  produce  a  very  narrow  neck  of  land ; 

and  even  an  elevation  of  3,000  feet,  if  Mohn's  chart  is  to  be  relied 

on,*  would   still  confine   us   to   the  use   of   the   narrow   Wyville 

Thomson  isthmus.     It  should  be  noted  that  the  Lightning  Channel 

runs  up  in  almost  direct  continuation  of  the  axial  depths  of  the 

*  Figures  2,  3,  and  4  (forming  Plates  V,  VI,  and  VII),  beini^  reductions  of  portions 
of  the  Admiralty  charts,  are  specially  intended  to  illustrate  Parts  II  and  III. 

*  According  to  Bartholomew's  map  illustrating  Nansen's  paper  in  the  Geographical 
Journal,  the  Lightning  Channel  is  bridged  by  two  submerged  necks  of  laud. 
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Norwegian  Atlantic,  to  meet  on  the  other  side  of  the  ridge  the  great 
embayment  of  the  British  Atlantic,  which  lies  betwixt  Ireland  and 
tbe  Sockall  platform. 

Throaghout  this  part  of  the  ocean  the  suboceanic  continental  slope 
ia  not  always  to  be  made  out  with  certainty.  It  is  very  perceptible 
off  Romsdal  in  Norway,  but  less  distinct  between  that  coast  and 
Shetland,  off  the  mouth  of  the  North  Sea.  Here  the  contours  are 
more  gradual  even  than  off  the  mouth  of  the  Barents  Sea.  Never- 
tholess,  it  is  within  this  marginal  slope  that  all  the  terrigenous 
deposita  lie,  whilst  outside,  i.e.  to  the  westward  beyond  the  centre  of 
the  Lightning  Channel,  all  the  known  land,  and  presumably  most  of 
the  sabmerged  land,  is  of  igneous  origin.^  According  to  my  view, 
the  oontinnation  of  the  suboceanic  continental  slope  is  to  be  found 
tlong  the  south-east  side  of  the  Lightning  Channel,  which  is  tolerably 
>t«ep  in  places.  Thus,  about  55  miles  W.N.W.  of  St.  Magnus  Bay, 
in  the  mainland  of  Shetland,  the  edge  of  the  Continental  platform 
lies  in  about  90  fathoms  of  water ;  from  this  edge  the  submarine 
>lope  descends  to  640  fathoms  in  the  space  of  15  miles,  showing  an 
ioclination  of  1  in  24,  or  2^^.  This  is  the  steepest  declivity  I  can 
find  in  connection  with  the  Lightning  Channel. 

South  of  the  Wyville  Thomson  ridge  the  suboceanic  continental 
*Iope  may  be  traced  in  the  Vidal  bank,  which  runs  parallel  with  the 
pobrides ;  here  the  contours  are  rather  wide  apart  and  the  inclination 
^  Signal.  The  Yidal  bank  forms  the  eastern  margin  of  that  great 
onabayment  of  the  Atlantic  which  runs  up  between  Scotland  and 
^kalL  The  Kockall  bank  is  evidently  of  igneous  and  not  of 
terrigenous  origin,  and  may  be  classed  among  the  group  of  oceanic 
wUnds;  it  is  probably  in  ali^^nment  with  the  Faeroe  bank,  280  miles 
towards  the  north-west,  though  never  actually  connected  with  it. 
-^e  rock  itself  is  only  70  feet  above  the  surface  of  the  water,  and 
coDBists  of  an  acid  igneous  product,  named  by  Professor  Judd 
'  rockallite,'  but  most  of  the  specimens  dredged  from  the  bank  are 
^i(i  to  be  of  basaltic  character.  (Trans.  Koy.  Irish  Acad.,  xxxi, 
181)7.  p.  39.)* 

Following  the  submerged  continental  slope  in  continuation  of  the 
Vidal    bank,   a  considerable    change    is    noted    off    the   coast   of 
Connaught,    where    the    contours    close    in    rapidly,    and   a   deep 
e(nl>ayment  of  the  Atlantic  approaches  within  80  miles  of  Broad- 
haven.      South  of    this   embayment   there   is  a  large   submerged 

*  Dr  Thoroddwn  ('*  Exploration  in  Iceland  **)  Bpoaks  of  fnigmcnts  of  a  tableland, 
orijirinaJly  connected,  forming  a  3,000  feet  tliick  layer  of  breccia,  which  covered  the 
wbule  inner  surface  of  Iceland,  and  which  has  been  for  the  most  part  removed  l)y 
erosion;  the  strata  underlying  the  breccia  is  everywhere  Tertiary  basalt.  Un- 
fortunately, the  author  does  not  say  of  what  the  breccia  con-sists.  (Geographical 
Junmal.  November,  1898,  p.  497.) 

Postscript. — In  a  letter  dated  Copenhagen,  December  12,  1898,  Dr.  ThonxUlsfin 
stater*  that  he  refers  to  the  ancient  volcanic  pulagonite  brccria  with  smaller  and 
larger  fragments  of  basalt,  dolerite,  etc.  It  is  obvious,  therefore,  that,  so  far  as 
wf  know,  all  the  materials  which  go .  to  form  this  large  island  are  of  igneous  origin, 
not  excepting  the  Tertiary  leaf- beds,  which  appear  to  owe  their  mechanical  sediment* 
exclusively  to  this  source. 

^  For  a  notice  of  fiockall,  see  infra,  p.  163. 
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platform,  at  a  lower  level  for  the  most  part  than  the  usual 
continental  shelf.  This  has  a  very  irregular  surfaoe,  with  depths 
ranging  from  130  to  240  fathoms,  and  it  has  its  termination 
seawards  in  the  direction  of  the  Poronpine  bank.  This  irregular 
platform  causes  a  westward  bulge  of  the  Continental  submergence, 
which  here  presents  an  edge  which  is  also  very  irregular  and 
unequal  in  its  depths.  In  places  the  suboceanic  slope  is  pretty 
steep,  especially  where  it  faces  tlie  north.  Thus  we  find  a  drop 
from  135  to  1,350  fathoms  in  a  distance  of  23  miles,  giving  an 
inclination  of  1  in  17,  or  3^°.  I  cannot  find  anything  steeper  than 
this  in  connection  with  the  Porcupine  bank,  although  it  has  been 
stated  that  the  slopes  are  precipitous. 

Before  going  south  of  the  Porcupine  bank,  it  may  be  convenient 
to  consider  for  a  moment  the  possible  geological  history  of  the 
Atlantic  shallows,  as  we  may  term  that  part  of  the  ocean  which 
lies  betwixt  the  British  Isles  and  the  south-east  coast  of  Greenland. 
That  some  sort  of  a  bridge  across  the  Atlantic  may  have  existed 
during  portions  of  Tertiary  time  in  these  quarters  seems  not  an 
incredible  supposition.  Both  botanists  and  zoologists  require  it 
We  have  already  seen  that  an  elevation  of  2,000  feet  would  suffice 
to  effect  a  land  communication  between  the  British  Isles  and  East 
Greenland  at  the  present  day.  In  a  volcanic  region  like  this  we 
may  readily  concede  such  a  communication  by  means  of  sporadic 
islands,  involving  local  uplifts  to  the  amount  of  2,000  or  even 
3,000  feet,  without  postulating  such  a  general  uplift  as  would  make, 
for  instance,  the  coastline  of  the  North  of  Scotland  coincide  with 
the  500-fatliom  line.  No  doubt  such  a  state  of  things  is  regarded  as 
probable  by  eminent  British  geologists,  who  differ  chiefly  as  to  the 
peiiud  when  this  occurred.  It  is  impossible  on  the  present  occasion 
to  do  more  than  allude  to  such  views,  and  I  am  by  no  means 
prepared  to  deny  that  something  of  the  kind  may  have  taken  place 
in  Middle  Tertiary  time,  though  I  fail  to  perceive  the  absolute 
necessity  for  it.  With  respect  to  the  general  effect  of  the  partial 
bridging  of  the  Atlantic  upon  the  theory  of  the  permanence  of 
ocean  basins,  bearing  in  mind  the  volcanic  nature  of  the  region  in 
question,  we  may  regard  the  Atlantic  shallows  as  an  oscillating 
area  which  lies  athwart  the  general  trend  of  the  great  meridional 
depression.  Under  certain  circumstances  this  oscillating  area  may 
break  the  continuity  of  the  great  Atlantic  depression,  and  even 
bridge  it  for  a  time. 

It  would  be  interesting  at  this  stage  of  the  inquiry  to  ascertain 
how  far  the  views  of  Professor  Spencer,  as  stated  in  a  recent 
communication  to  the  Geological  Magazine,  are  really  applicable 
to  this  side  of  the  Atlantic ;  and  whether  a  study  of  the  Admiralty 
charts  affords  any  confirmation  of  his  statements  or  his  theories. 
It  is  not  necessary  to  refer  to  the  other  side  of  the  Atlantic  boyouJ 
remarking  that  Professor  Spencer,  having  long  studied  the  region  of 
the  Caribbean  Sea  —  perhaps  the  most  unstable  on  the  surface  of 
the  earth  —  appears  to  have  conceived  exaggerated  notions  as  to 
'epeirogenio '  uplifts  on  both  sides  of  the  Atlantic     An  elevation 
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English  Channel  respeotively.     Immediately  south  of  this  occurs  the 

great  plunge  into  the  depths  of  the  Bay  of  Biscay.     The  soundings 

along  the  face  of  the  subooeanic  slope  hereabouts  are  very  irregular 

and  puzzling ;  so  much  so  that  it  is  not  easy  to  deduce  any  mean 

angle  of  inclination.      This   irregularity   in   the   soundings   seems 

more  or  less  to  prevail  until  the  2,000-fathom  contour  is  reached, 

heyond  which  the  ocean  floor  becomes   much  flatter,   the  depths 

ranging  from  2,200  fathoms  to  2,768  fathoms  in  the  oentre  of  the 

Bay.      At  La  Chapelle  bank,  which  is  about  125  miles  W.S.W. 

of  Ushant,  there  is  a  fall  from  the  100- fathom  contour  to  1,900 

fathoms  in  about  20  miles.     This  is  rather  steeper  than  1  in  10, 

or  about  6°.     No  rock  is  marked  in  these  soundings,  but  deposits 

of  a  varying  character. 

Following  the  course  of  the  suboceanic  slope  for  about  100  miles 
Bouth-east  of  La  Chapelle  bank,  there  is  a  third  remarkable 
deflection  of  the  contours,  similar  to  those  indicated  off  the  Little 
Sole  bank  and  La  Chapelle  bank.  To  judge  from  the  soundings 
there  are  some  curious  features  here.  The  distance  between  tlie 
100-fathom  line  and  the  2,000-fathom  line  is  only  23  miles,  giving 
a  mean  slope  of  about  1  in  11  or  nearly  5°.  But  there  are  greater 
irregularities  than  these.  For  at  one  spot  600  fathoms  is  marked 
just  outside  the  100-fathom  line ;  whilst  in  another,  further  out  to 
sea,  a  distance  of  about  seven  miles,  separate  soundings  of  880 
fathoms  and  2,100  fathoms  respectively,  thus  giving  a  slope  of 
1  in  5  or  11°.  In  this  latter  case  the  irregularity  is  not  connected 
with  the  edge  of  the  100-fathom  platform,  but  may  be  said  to 
belong  to  abyssal  depths. 

Further  towards  the  south-east,  off  the  town  of  La  Hochelle,  the 
following  conditions  obtain.  The  c(mtinental  platform,  down  to 
the  100-fathom  line,  is  about  130  miles  wide,  but  the  terminal  ed^e 
is  pretty  sharp,  since  we  obtain  a  depth  of  2,000  fathoms  in  the 
next  22  miles.  This  gives  about  the  same  angle  of  inclination  for 
the  suboceanic  continental  slope  as  at  La  Chapelle,  and  may 
perhaps  be  taken  as  re2)re8enting  the  steeper  averages  on  the  French 
side  of  the  Bay  of  Biscay,  viz.  6°  or  tliereabouts. 

ITie  head  of  the  Gulf  of  Gascony  presents  some  remarkable 
features  which  have  long  attracted  attention,  though  their  full 
import  is  by  no  means  certain.  Here  the  coasts  of  France  and 
Spain  almoht  form  a  right  angle  to  eacli  other,  whilst  the  direction 
of  the  suboceanic  slope,  flanking  the  Bay  of  Biscay,  is  shifted  from 
•outh-east  to  nearly  due  west.  The  contours  at  the  head  of  the  Bay 
are  somewhat  confusing,  and  this  is  made  worse  by  a  number  of 
incomplete  soundings.  The  respective  peculiarities  of  the  French 
and  Spanish  territories  are  to  a  certain  extent  prolonged  under 
water,  so  that  the  low-lying  coasts  of  the  Gironde  and  the  Landes 
are  fully  100  miles  distant  from  the  1,000- fathom  contour,  whilst 
the  more  mountainous  Spanish  coast  near  Bilbao  is  less  than 
20  miles  from  it.  Almost  exactly  in  the  angle,  at  the  very  head 
of  the  Gulf  of  Gascony,  the  100-fathom  platform,  here  about  30  miles 
in  width,  is  pierced  by  the  Fobbo  de  Cap  Breton,  wViicVi  Yia^  «\x^«^v\'5 
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a  depth  of  205  fathoms  close  to  the  coast,  and  which  may  be  traced 
for  30  miles  out  to  sea  until  it  attains  a  depth  of  over  600  fathoms. 

This  curious  place  has  generally  been  regarded  as  the  submerged 
channel  of  the  predecessor  of  the  river  Adour,  which  now  enters 
the  sea  a  few  miles  to  the  southwards.  To  this  point  I  will  draw 
attention  presently.  Meanwhile  there  are  a  few  hydrographioal 
details  in  connection  with  this  submerged  channel  which  might 
be  mentioned.  Like  so  many  sunken  channels  and  fjords,  not 
excepting  the  so-called  Channel  of  Norway,  it  is  very  deep  at  the 
head,  deeper  in  fact  than  in  any  other  portion  of  the  first  15  miles. 
There  are  also  indications  of  a  lateral  channel  (a  short  cirque  having 
a  depth  of  336  fathoms).  The  mouth  is  about  10  miles  across,  and 
has  a  maximum  depth  of  530  fathoms  below  the  submerged 
continental  shelf.  This  g^ves  a  slope  from  the  edge  of  the  shelf 
to  the  centre  of  the  channel  of  1  in  8,  or  7^. 

Thirty-five  miles  to  the  westward  another  channel  is  marked  on 
the  chart,  in  presumed  continuation  of  this  one  ;  it  is  situated  about 
30  miles  to  the  north  of  the  town  of  Bilbao.  In  this  channel  depths 
ranging  from  1,000  to  1,500  fathoms  occur,  apparently  sunk  in 
a  submerged  platform,  which  itself  has  an  extremely  irregular 
surface.  A  map  of  the  soundings  at  this  place  is  given  by  Professor 
Milne,  who  quotes  it  as  a  locality  notonous  for  cable  fracture.^  He 
states  that  the  fractures  usually  happen  in  the  month  of  March, 
when  sometimes  portions  of  the  cable,  four  or  five  miles  in  length, 
are  buried.  The  fractures  are  attributed  to  the  action  of  a  submanne 
current,  caused  by  the  piling  up  of  surface  water,  cutting  the 
prolongation  of  a  river  bed  with  steep  walls ;  these  walls  when 
undercut  are  believed  to  fall  in  such  masses  as  to  bury  the  cable. 
No  rock  is  marked  in  these  soundings,  which  yield  clay,  stiff  clay, 
mud,  and  sand.  In  this  locality  the  100-fathom  line  lies  12  miles 
off  the  coast;  and  from  this  edge  to  the  1,500-fathom  sounding  in 
the  supposed  channel  is  a  distance  of  11  miles.  This  gives  a  mean 
slope  of  1  in  7,  or  8^,  but  pitches  much  steeper  than  this  in  all 
probability  occur.  There  are  several  indications  that  this  depth  of 
1,500  fathoms  represents  a  hole  rather  than  a  channel,  for  the  next 
sounding  seawards  shows  only  1,250  fathoms. 

Certain  bathymetrical  features  in  connection  with  the  Bay  of 
Biscay  may  be  mentioned  here.  The  deepest  sounding  shown  on 
the  chart  (No.  1,104),  viz.  2.788  fathoms.  i«  about  100  miles  north- 
west of  the  supposed  channel  or  caiion  of  Bilbao.  From  this  depth 
tlie  floor  of  the  bay,  according  to  the  soundings,  rises  very  slightly 
towards  the  ocean.  If  this  floor  was  uplifted  equally  to  the  extent 
of  2,700  fathoms,  or  16,200  feet,  there  would  remain  a  depression 
of  limited  extent,  88  fathoms  deep,  about  100  miles  N.N.W.  of 
Santander;  all  the  rest  of  the  floor  of  the  bay  would  be  dry  land, 
(ienerally  speaking,  deep  water  follows  pretty  closely  on  the 
Cantabrian  chain.  In  the  vicinity  of  Cape  Ortegal,  where  the  coast 
of  Spain  begins  to  trend  south-west,  before  assuming  a  southerly 
direction  ofif  Cape  Finisterre,  there  are  cases  where  the  suboceanio 

^  Geographical  Journal,  September,  1897,  p.  273. 
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ooniinental  slope  is  very  steep.     I  will  give  two  instanoefi.     (I)  Off 

Kivadeo  the  lOO-fathom  platform  ie  of  aQusual  width  for  this  ooast — 

nearly  30  miles,  in  faot ;  from  the  edge  of  this  platform  a  depth  of 

1,130  fathoms  is  obtained  in  the  next  5  miles,  giving  an  incline  of 

1  iu  4,  or  about  13^.     It  is  probable  that  this  is  a  hole,  and  there 

are  indications  of  still  steeper  gradients  in  the  vicinity,  since  at  some 

little  distance  outside  the  edge  of  the  shelf  a  small  bank  is  marked 

with  only  63  fathoms  of  water,  within  3^  miles  of  the  depth  in 

question ;  this  shows  a  gradient  of  nearly  1  iu  2,  or  25°.    (2)  Exactly 

off  Cape  Ortegal  'itself  the    100-fathum  platform  has  a  width  of 

15  miles ;  from  the  edge  of  this  platform  a  depth  of  2,515  fathoms 

is  obtained  in  the  next  13  miles.     This  gives  a  gradient  of  1  in  5, 

or  11°,  for  the  suboceanic  continental  slope  off  Cape  Ortegal.     In 

this  case,  if  we  reckon  the  total  distance  from  the  coastline  rather 

than  from  the  edge  of  the  continental  shelf,  we  obtain  a  fall  of 

2,515  fathoms  in  28  miles,  showing  a  gradient  of  1  in  10,  or  rather 

\m  than  6°. 

It  is  now  time  for  me  to  glance  briefly  at  some  of  the  geological 
inferences  which  have  been  drawn  from  the  bathy metrical  conditions 
made  known  in  connection  with  the  Bay  of  Biscay  and  its 
surroaudings.  It  will  be  hardly  necessary  to  say  that  Professor 
Spencer  sees  caiions,  cirques,  and  escarpments  in  all  these  things ; 
^biUt  in  Professor  Hull  the  American  epeirogenists  have  found 
&it  able  ally  on  this  side  of  the  Atlantic,  as  shown  iu  his  recent 
''Investigations  regarding  the  Submerged  Terraces  and  River  Valleys 
Wderiug  the  British  Isles."  ^  Professor  Hull  wields  his  peucil  so 
^'^iifully  under  the  guidance  of  the  scieutiiiu  imaginatiou  that  we 
^not  fail  to  be  interested  iu  his  charts  and  diagrams,  even  if 
^6  do  not  in  all  cases  agree  with  his  interpretations. 

So  long  as  Professor  Hull  cunflnes  himself  to  tracing  the  old 
^iver-courses  cut  in  the  coutiuental  shelf  he  is  pretty  safe.'      This 

*  Trans.  Victoria  Institute,  1898. 

'  At  the  meeting  held  in  the  Map  Room  of  the  Royal  Geographical  Society  (Jan.  27) 
^orthe  purpose  of  hearing  and  discussing  Tro lessor  Hull's  latest  \m\)OT  on  this  subject, 
^JDie  of  the  speakers  were  disposed  to  criticize  his  tracing  (»f  the  old  river-courses  cut 
to  the  continental  shelf — e.g.  the  River  of  the  English  Channel.  But  this  really  is 
n  very  minor  matter,  and  altogether  fails  to  touch  his  principal  contention.  Most 
persons  who  have  paid  attention  to  the  physical  geography,  past  and  present,  of  thifse 
islands  agree  that  the  area  of  the  English  Channel  was  at  one  time  suthciently  elevated 
IS  to  hare  been  within  the  influence  of  meteoric  erosion  :  a  difference  of  100  fathoms 
would  more  than  effect  this.  Thus  we  may  readily  allow  Professor  Hull  his  rivers 
of  the  English  and  St.  George's  Channels,  even  if  we  are  disposed  to  criticize  the 
exact  course  they  may  have  taken.  But  the  deep  sculpturing  which  he  claims  to  have 
been  effected  in  the  nuboeeanic  cofitinental  slope  (the  '  escarpment  *  of  Professor  Hull) 
by  these  same  rivers  involves  considerations  which  would  land  us  in  serious  ditticulties. 
If  the  'edge*  or  angle  of  the  slope  was  at  one  time  raised  1,000  fathoms  ab(»ve 
the  leTel  of  the  sea,  instead  of  being  100  fathoms  below  it  as  at  present,  in  that  case 
the  region  now  occupied  by  the  English  Channel  must  have  been  rHise<i  to  that  extent 
or  more,  unless  the  River  of  the  English  Channel  was  endowed  with  the  faculty  of 
running  up  hill.  Suppose  we  take  the  period  as  Pliocene  :  this  means  an  upland  of 
6,000  or  7,000  feet  above  sea-level  in  the  vicinity  of  the  region  now  occupied  by  the 
Straits  of  Dover,  whilst  some  sixty  miles  to  the  northwards  the  ('rags  were  being 
deposited  in  a  shallow  sea,  whoiW)  area  is  now  partly  occupied  by  the  2)uffolk  coa^t. 
Tnily,  in  this  case  we  should  require  another  '  escarpiueut '  facing  the  area  uuw 
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latter  represents  an  old  area  of  emergence  of  considerable  antiquity, 
and  although  the  edge  of  the  platform  is  not  always  in  exactly 
100  fathoms,  yet  it  is  so  nearly  on  that  level  for  great  distances 
as  to  give  an  idea  of  uniformity.  It  is  obvioas  that  the  angle,  or 
'edge/  formed  by  the  submerged  platform  with  the  subooeanio 
continental  slope  is  a  feature  of  considerable  importance,  and  any 
marked  indentations  of  this  edge  are  worthy  of  careful  notice.  The 
two  indentations  of  the  100-fathom  platform  in  the  mouth  of  the 
Channel,  near  the  Sole  banks,  between  Cape  Clear  and  Ushant^  have 
been  already  mentioned  as  probably  representing  the  mouths  of 
the  rivers  of  the  Irish  and  English  Channels,  which  seem  to  have 
entered  the  Atlantic  Ocean  not  far  from  each  other.  But  Professor 
Hull  perceives  something  more  than  this.  For  him  these  two  rivers 
in  early  Pleistocene  time  were  draining  a  highland  plateau  some 
6,000  feet  above  the  level  of  the  sea.  This,  after  all,  is  moderate, 
being  only  half  of  what  Professor  Spencer  requires.  The  western 
termination  of  this  elevated  plateau  was  a  magnificent '  escarpment,' 
which,  if  viewed  from  the  outer  ocean,  would  be  found  to  be 
'  terrestrial,'  not  oceanic,  in  origin.  When  the  two  rivers  approached 
the  edge  of  this  escarpment  they  entered  the  ocean  in  a  series  of 
grand  cascades  or  rapids,  which  are  now  represented  by  the  sub- 
merged caiions  that  seam  the  great  subooeanio  slopes. 

I  certainly  demur  to  the  view  that  the  suboceanic  continental 
slope  represents  an  '  escarpment '  in  the  geological  sense ;  ^  but  it 
must  be  admitted  that  the  soundings  beyond  the  edge  of  the  platform, 
both  at  the  Sole  banks  and  elsewhere  in  certain  localities  round  the 
Bay  of  Biscay,  are  curious  and  perplexing,  whether  the  caiion  theory 
be  applicable  or  not.  Thus,  there  are  two  tongues  of  deep  water 
which  appear  to  indent  the  suboceanic  slope  in  connection  with  the 
mouth  of  one  of  the  Channel  rivers.  This  feature  is  interpreted  by 
Professor  Hull  as  a  river-course  with  two  branches  enclosing  a  kind 
of  island  between  them,  and  similar  cases  occur  in  connection  with 
supposed  caiions  elsewhere.  His  drawings  are  very  effective,  but 
the  steepness  of  the  supposed  gorges  is  greatly  accentuated  by  the 
dilference  between  the  vertical  and  horizontal  scales.  As  regards 
geological  age  Professor  Hull  refers  the  British  platform  like  the 
American  continental  shelf  to  the  Mio-Pliocene  period.  But  he 
refers  his  'grand  escarpment'  to  the  succeeding  early  Pleistocene 
or  Glacial  stage,  when,  according  to  his  views,  the  great  continental 
uplift  took  place.  These  conceptions  as  to  the  sudden  uprise  of  the 
sea  bed,  so  as  to  form  an  escarpment  at  that  comparatively  late  date, 
are  certainly  opposed  to  the  generalizations  of  Mr.  Jukes-Browne. 
Tliat  author,  in  "The  Building  of  the  British  Isles,"  continuously 
reduces  the  land  area  and  increases  the  sea  area  from  the  Oligocene 

occui)ied  by  the  North  Sea  to  meet  the  difficulty.  If  we  t^ke  the  period  as  Pleisto- 
ccne  we  are  no  hotter  off.  To  enable  the  River  of  St.  George's  Chiinnel  to  Bunnount 
the  edf^e  of  t)ie  *  escarpment '  wo  must  raise  the  drainage  area  behind,  and  this  it 
would  bo  difficult  to  eitect  without  converting  the  Irish  Sea  into  an  inland  lake  orer 
6,000  feet  above  sea -level. 

^  This  point  is  now  conceded  by  Prof.  Hall  (see  Geol.  Mao.,  March,  1899,  p.  132). 
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period  down  to  the  Pleistooene,  when  the  coastline  of  the  British 
platform  is  represented  as  ooinciding  with  the  contour  of  80  fathoms. 
llie  strongest  case  for  a  canon  is  undouhtedly  the  Fosse  de  Cap 
Breton  at  the  head  of  the  Qulf  of  GUscony,  the  leading  hathy metrical 
features  of  which  I  have  already  briefly  described.      Here,  as  we 
Iniow,   the  100-fathom    platform    is  cut    through   to  a  depth  of 
600  fathoms ;  and  if  this  be  due  to  ordinary  river  erosion  consequent 
on  emergenoe,  it  implies  an  elevation  of  between  3,000  and  4,000  feet 
at  this  particular  place.    It  is  singular  that  this  well-marked  'fosse' 
ihould  occur  almost  exactly  in  the  angle  formed  by  the  French  and 
Spanish  shores  of  the  Bay  of  Biscay.     If  it  be  really  due  to  river 
action  it   may   represent   the  effects  of   the   accumulated    waters 
draining  the  northern  slopes  of  the  Pyrenees.     It  must  not  be  for- 
gotten, however,  that  the  south-west  of  France  represents  a  Tertiary 
basin,  and  that  throughout  the  greater  part  of  Tertiary  time  there 
most  have   been   something  like  a  connection   between   the   Bay 
of  Biscay  and   the  Golfe   du  Lion,  which   has   obviously  formed 
the  principal  communication  between  the  Mediterranean  and  the 
Atlantia      The  difficulty  is  further  complicated   by  the  fact  that 
l>oth  the  Fosse  de  Cap  Breton  and  its  supposed  prolongation  opposite 
Bilbao  are  within  the  tectonic  influences  of  the  Pyreneo-Cantabrian 
chain,  and  therefore  belong  to  a  region  of  exceptional   dynamic 
activity. 

Conclusion. 

This  paper  has  already  exceeded  the  intended  length,  and  yet 

without  my   having  completed  the  work  originally  contemplated. 

It  is  not  altogether  an  easy  task  to  alternate  hydrographical  facts 

with    geological    theories.      Although    not   holding   any    particular 

theory  myself,  I  am  somewliat  inclined  to  the  belief  that  the  larger 

features  of  the  earth's  crust,  and  particularly  the  ocean  basins,  may 

have  been  permanent  within  certain  limits.      The  flanks  of  thene 

great  depressions  are  more  correctly  described  as  slopes  rather  than 

as  escarpments;  and  these  slopes  are  probably  due  to  ancient  and 

deep-seated  tectonic  causes,  active  in  some   places   and  quiescent 

for  a  time  in  others.     The  eastern  margin  of  the  North  Atlantic 

basin  presents,  as  regards  activity  of  motion  in  the  present  day, 

a  marked  contrast  to  the  eastern  margin  of  the  Pacific,  where  the 

mobile  condition  of  the  suboceanio  slope,  off  the  coasts  of  South 

America,  is  well  known.     This  comparative  stability,  however,  may 

not  always  have  prevailed.      Indeed,  we  may  feel  pretty  sure  that 

movements  have  occurred  along  this  line  throughout  geological  time, 

altogether  independent  of  local  eruptions  of  basalt,  etc. 

If  I  might  venture  to  sum  up  the  results  of  the  views  suggested 
ID  this  paper,  they  would  appear  somewhat  as  follows  : — 

1.  The  true  boundary  of  the  North  Atlantic  basin  on  this  side  is 
not  to  be  sought  in  the  existing  coastlines,  but  in  the  submerged 
slope  which  lies  beyond  the  edge  of  the  submerged  platform. 

2.  The  edge  of  the  submerged  platform  appears  to  range  from 
about  80  to  250  fathoms,  the  most  notable  deviation  from  the  usual 
depth  occurring  in  connection  with  the  irregular  bulge  of  submerged 
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land  bordering  the  Porcupine  bank,  off  the  west  of  Ireland.  Bnt 
the  100-fathom  line  is  found  for  long  distauoes  to  coincide  fairly 
well  with  that  edge,  bejond  which  the  suboceanic  slope  plunges, 
sumetiines  gradually,  sometimes  sharply,  into  abyssal  depths. 

3.  The  suboceanic  slope  may  be  traced  as  a  distinct  feature, 
though  better  defined  in  some  places  than  in  others,  with  a  general 
north- north-easterly  trend,  as  far  as  off  the  north-west  of  Spitzbergen, 
where  the  trend  becomes  easterly  in  face  of  the  North  Polar  ocean. 

4.  The  suboceanic  slope  is  to  be  regarded  as  the  true  limit 
between  the  continental  area  and  the  oceanic  area,  and  the  terri- 
genous deposits  appear,  throughout  geological  time,  to  have  been 
confined  to  the  region  which  lies  within,  i.e.  to  the  eastward  of, 
this  line. 

5.  The  great  tectonic  movements  have  been  especially  powerful 
in  alignment  with  the  suboceanic  continental  slope  at  different 
periods  of  the  world's  history  ;  and  these  movements  have  produced 
extensive  protuberances,  which  have  yielded  no  inconsiderable 
portion  of  the  sediments  deposited  in  the  corresponding  geosynclinal 
hollows,  thus  constituting  some  of  the  great  terrigenous  formations. 
The  extensive  development  of  old  crystalline  rocks  in  the  countries 
which  border  the  North  Atlantic  probably  represent  portions  of  these 
old  protuberances. 

G.  Although  the  line  dividing  the  continental  from  the  ooeanio 
area  is  fairlj  well  defined  throughout  the  region  under  consideration, 
it  is  one  of  unequal  strength,  and  appears  to  fail  or  to  be  deeply 
deflected  in  certain  places.  Commencing  on  the  north,  the  first 
great  embaymeut  is  represented  by  the  mouth  of  the  Barents  Sea. 
Here  the  coastline  with  its  old  crystalline  rocks,  of  which  there  are 
said  to  be  considerable  traces  in  the  west  of  Spitzbergen,  fails  us 
until  we  get  to  Norway.  Similarly  there  is  a  great  gap  between 
Norway  and  Scotland,  the  intervening  area  being  represented  by  the 
mouth  of  the  North  Sea.  Both  these  embayments  are  occupied  by 
shallow  seas  and  their  connections,  and  they  may  be  regarded  as 
belonging  to  the  continental  area  and  to  share  its  vicissitudes.  Yet 
it  \s  probable  that  throughout  a  part,  at  least,  of  geological  time  they 
have  been  the  gateways  whereby  the  watei*s  of  the  ocean  com- 
municated with  the  various  seas,  where  deposits  since  elevated  into 
dry  land  have  from  time  to  time  been  formed. 

Omitting  the  mouth  of  the  English  Channel,  which  possibly  baa 
a  diiferent  origin,  the  next  great  embayment  is  the  Bay  of  Biscay, 
and  this  differs  from  the  two  previously  mentioned  by  its  great 
depth.  This  seems  to  represent  the  gateway,  whereby  the  waters 
of  the  ocean  communicated  with  the  Mediterranean,  though  in  the 
present  day  the  head  of  the  gulf  has  been  filled  up  by  the  Tertiary 
deposits,  which  constitute  so  large  a  portion  of  the  south-west  of 
Trance.  Moreover,  this  area  is  complicated  by  the  great  tectonic 
movements  in  coimection  with  the  Pyreneo-Cantabrian  chain.  Ilie 
gut  of  Gibraltar  is  probably  a  more  recent  feature,  and  may  in  part 
be  duo  to  meteoric  erosion  at  a  time  when  the  land  was  higher. 
'i'his  also  may  have  been  the  case  with  the  Fosse  de  Cap  Bretou. 
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7.  In  addition  to  the  inferences  stated  under  6,  it  is  obvious  that 
extensive  basaltio  eruptions  in  certain  portions  of  the  North  Atlantic 
depression  have  interfered  with  the  regularity  of  the  subooeanic 
continental  slope.  These  are  associated  with  terrigenous  rocks  on 
the  continental  side  of  the  slope,  but  apparently  not  so  on  the 
oceanic  side.  Of  the  former  case  Franz  Josef  Land  and  the  Hebrides 
iopply  noteworthy  instances. 

8.  With  respect  to  the  amount  of  elevation  undergone  at  various 
periods  along  the  eastern  margin  of  the  North  Atlantic  basin,  there 
are  no  very  certain  data.  Speculation  on  this  point  should  be 
oanfined  within  reasonable  limits,  and  we  ought  to  be  content  with 
tlie  minimum  divergence  from  present-day  conditions  which  is 
Teqaired  to  account  for  the  most  obvious  facts.  Subsequent  to  the 
oommencement  of  the  Tertiary  period,  local  changes  to  the  extent  of 
500  fathoms  would  still  leave  the  great  depths  unaffected,  whilst 
there  is  no  reason  to  believe  that  any  changes  to  this  extent  have 
occurred  in  Pleistocene  times.  In  Fig.  1  it  will  be  seen  that  special 
prominence  has  been  given  to  the  500-fathom  line. 

II. — On  the  Families  of  Sauropodous  Dinosauria.^ 
Bj  Professor  0.  C.  Marsh,  Ph.D.,  LL.D. 

THG  subclass  Dinosauria,  as  known  to-day,  I  have  divided  into 
three  orders :  the  Theropoda,  or  carnivorous  forms ;  the  Sauro- 
poda,  or  herbivorous  quadrupedal  forms ;  and  the  Predentata,  also 
herbivorous,  and  including  several  suborders,  namely,  the  Stegosauria 
^id  Ceratopsia,  both  quadrupedal,  and  the  Ornithopoda,  containing 
bipedal  bird- like  reptiles.* 

The  principal  characters  of  the  order  Sauropoda,  here  discussed, 
may  be  briefly  stated  as  follows  : — 

Order  SAUROPODA. 
External  nares  at  top  of  skull ;  premaxillary  bones  with  teeth ; 
crowns   of  teeth   rugose,   and   more   or   less   spoon- shaped ;    large 
antorbital  openings;  no  pineal  foramen  ;  alisphenoid  bones;  brain- 
case  ossified ;    no  columellse ;    postoccipital  bones ;    no  predentary 
bone ;   dentary  without  coronoid  process.     Cervical  ribs  co-ossified 
with  vertebrae;  anterior  vertebiw  opisthocoelian,  with  neural  spines 
bifid  ;  posterior  trunk  vertebrae  united  by  diplosphenal  articulation  ; 
presacral  vertebras  hollow ;   each  sacral  vertebra  supports  its  own 
sacral  rib,  or  transverse  process;  no  diapophyses  on  sacral  vertebras; 
neural  canal  much  expanded  in  sacrum ;    first  caudal  vertebra  bi- 
convex ;  anterior  caudals  proccelian.     Sternal  bones  parial ;  sternal 
ribs  ossified.     Ilium  expanded  in  front  of  acetabulum;  pubes  pro- 
jecting in  front,  and  united  distally  by  cartilage;   no  post-pubis. 
Limb  bones  solid ;  fore  and  hind  limbs  nearly  equal ;  metacarpals 
longer  than  metatarsals;  femur  longer  than  tibia;  astragalus  and 
calcaneum  not  fitted  to  end  of  tibia ;  feet  plantigrade,  ungulate ;  five 

^  Abstract  of  communicatioa  made  to  Section  D,  British  Association  for  tho 
AdTancement  of  Science*  Bristol  Meetinj^,  September  12,  1898. 

*  The  Dinosaurs  of  North  America.  Sixteenth  Annual  Report,  U.S.  Geological 
Surrey.     84  plates.     Washin^n,  1896. 
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digits  in  manus  and  pes;   seoond  row  of  oarpal  and  tarsal  bones 
uuossified ;  looomotion  quadrupedal. 

(1)  Family  AtlantosauridiB.  A  pituitary  canal;  large  fossa  for 
nasal  gland.  Distal  end  of  scapula  not  expanded  ;  ooraooid  quadri- 
lateral. '  Sacrum  hollow ;  isohia  directed  downward,  with  expanded 
extremities  meeting  on  median  line.  Anterior  caudal  vertebra  short, 
with  lateral  cavities ;  remaining  caudals  solid  ;  chevrons  single. 

Genera  AtlafUosauruB,  Apatosaurtu,  Brontogaunu  include  the 
largest  known  land  animals.     Jarassic,  North  America. 

(2)  Family  Diplodooidra.  External  nares  at  apex  of  skull ;  no 
depression  for  nasal  gland ;  two  antorbital  openings ;  large  pituitary 
fossa ;  dentition  weak,  and  in  front  of  jaws  only ;  brain  inclined 
backward ;  dentary  bone  narrow  in  front.  Scapula  with  shaft 
somewhat  enlarged  at  summit  Ischia  with  shaft  expanded  distally, 
directed  downward  and  backward,  with  sides  meeting  on  median 
line.  Sacrum  hollow,  with  three  co-ossified  vertebrsB.  Anterior 
caudal  vertebrra  procoelian,  with  sides  deeply  excavated,  and  chevrons 
single ;  median  caudals  excavated  below,  with  chevrons  double, 
liaving  both  anterior  and  posterior  branches ;  distal  caudals  elongate, 
with  rod-like  chevrons. 

Genera  Diplodocus  and  Baroaaurus,     Jurassic,  North  America. 

(3)  Family  Morosauridee.  Extenial  nares  anterior;  large  fossa 
for  nasal  gland;  small  pituitary  fossa;  dentary  bone  massive  in 
front ;  teeth  very  large.  Shaft  of  scapula  expanded  at  distal  end ; 
coracoid  suboval.  Sacral  vertebras  four  in  number,  and  nearly  solid ; 
ischia  slender,  with  twisted  shaft  d:rected  backward,  and  sides 
meeting  on  median  line.     Anterior  caudals  solid  ;  chevrons  single. 

Genera  Morosaurns^  Camarasaurus  (?)  (Amphicoolias).  Jurassic, 
North  America  and  Europe. 

(4)  Family  Pleurocoelidsd.  Dentary  bone  constricted  medially ; 
teeth  with  crowns  like  those  of  Diplodocus,  Cervical  vertebrae 
elongate,  centra  hollow,  with  large  lateral  openings  ;  sacral  vertebras 
solid ;  with  lateral  depressions  in  centra ;  caudal  vertebree  solid ; 
anterior  caudals  with  flat  articular  faces,  and  transversely  oom- 
presBed  neural  spines;  median  caudal  vertebras  with  neural  arches 
on  front  half  of  centra.  Ischia  with  compressed  distid  ends,  and 
sideH  meeting  on  median  line. 

Genera  Pleurocoelus,  Astrodon  (?).  JurasRic,  North  America  and 
Europe.     Include  the  smallest  known  Sauropoda. 

(5)  Family  Cardiodontidaa.  Teeth  of  moderate  size.  Upper  end 
of  scapula  expanded;  humerus  elongate;  fore  limbs  nearly  equalling 
bind  limbs  in  length.  Sacrum  solid ;  isohia  with  wide  distal  ends, 
and  sides  meeting  on  median  line.  Caudal  vertebras  biconcave ; 
median  caudals  with  double  chevrons. 

Genera  Cardiodon  (Cetiosaurus),  Bothriospondylus,  Orniihopsia,  and 
Pelorosaurus,     European,  and  probably  all  Jurassic. 

(6)  Family  TitanosauridaB.  Fore  limbs  elongate ;  coracoid  quadri- 
lateral. Presacral  vertebras  opisthocoelian ;  first  cau<lal  vertebras 
biconvex ;  remaining  caudals  procoelian  ;  chevrons  open  above. 

Genera  Titaiiosanrus  and  Argyrosaurus,  Cretaceous  (?),  India 
and  Patagonia. 
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III. — The  Babb  of  thc  Oault  in  Eastern  Enqland. 
Bj  A.  M.  Datibs,  A.R.O.S.,  B.Sc,  F.O.S. 

\N  a  paper  published  in  this  Magazine  in  March,  1895/  Dr.  J.  W. 
.  Oregory,  incidentally  discussing  the  exact  age  of  the  base  of  the 
Gault  Clay,  wrote:  "Hoplites  interruptus  seems  restricted  in  [Eastern] 
England  to  the  Folkestone  area  and  the  Red  Chalk."  Although  some 
of  his  conclnsions  on  that  point  were  modified  later,*  the  general 
statement  quoted  above,  with  the  qualification  indicated  by  the 
bracketed  word  '  Eastern,'  does  nut  seem  to  h<|ve  been  challenged. 
Having  myself  found  JT.  interrnptus  at  the  base  of  the  Gault  at 
several  plaoes  in  Eastern  England,  1  have  been  led  to  luok  up 
previous  records,  with  the  result  that  1  am  convinced  that  the  zona 
of  H.  interruplus  is  represented  in  the  lowest  beds  of  the  Gault  Clay 
over  a  large  part  of  that  area. 

Taking  first  the  Gault  outcrop  south  of  the  North  Downs,  the 
following  table  shows  the  localities  from  which  this  fossil  has  been 
recorded,  in  order  from  east  to  west,  and  the  distances  between 
them : — 


Locality. 


Folkeetone. 

19  miles. 

Leacon  Hill, 
2  miles  S.  of  Charing. 

17  miles. 

Aylesford  and 
Maidstone  district. 

13  miles. 

St.  John*  8  Brickyard, 

between  Sevenoaks 

and  Otford. 

4 J  miles. 

Westerham. 

9{  miles. 

Battlebridge,  near 
Merstham. 

94  miles. 

Weetcott,  near  Dorking. 

20  miles. 

Wracclesham, 
near  Fambam. 

4  (?)  miles. 

Railway  cutting  **  near 
'Alton.^' 


Authorities. 


Omnes  passim. 


Fitton,  Trans.  Geol.  Soc, 
ser.  II,  vol.  iv,  p.  112. 


De  Ranee  in  Topley's 
"  Weald  Memoir.'' 


A.  M.  D. 


Fitton,  loc.  cit.,  p.  162. 


Whitaker  &  Ilinde,  Proc. 
Geol.  Assoc. ,  vol.  x  v,  p.  1 1 4. 


Jjeighton,  Proc.  Geol. 
Assoc.,  Tol.  xiii,  p.  9. 

Monckton,  ibid.,  p.  76. 


Bristow  &  "WTiitaker, 
**  Geology  of  parts  of  Berks 
and  Hants  *' :   Mem.  Geol. 

Surv.,  Sheet  12,  p.  4. 


Notes. 


*Amm.detitatM,^  For  locality 
see  also  T.  R.  Jones,  Geol. 
Mao.,  Dec. II,  Vol.  Ill  (1876), 
p.  118. 


H.  aphiident  also. 


'  Amm.  dentatua '  in  Gault 

Clay.    Specimen  in  Geol.  Soc. 

Museum. 


At  base  of  Gault. 


In  sandy  beds,  four  or  five  feet 
below  base  of  clay. 


Acanfhoeeras  fnammiUatunif 

Hoplitea  lautuSf  and  //.  tuber' 

culatus  recorded  alflo.    All  from 

Gault ;  no  details. 


^  **  Fossils  from  Lower  Greensand  of  Great  Chart"  :    Geol.  Mag.,  Dec.  IV, 
Vol.  II,  p.  97.  »  Ibid.,  pp.  187-9. 
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Iq  all  these  oases,  the  fossils  olearly  oame  from  either  the  aotual 
base  of  the  Oault,  or  from  Gault  Clay  not  far  above  Lower  Green- 
sand,  except  in  the  oase  of  the  last  bat  one,  and  possibly  the  last. 
The  gaps  of  20  miles,  without  a  record,  simply  indicate  stretches  of 
outcrop  where  exposures  are  few.  The  conclusion  seems  inevitable 
that  along  the  outcrop  from  Folkestone,  at  least  to  Dorking,  the 
lithologioal  change  from  'Iiower  Oreensand'  to  'Oault'  reprBsenta 
a  constant  time-level,  though  farther  west  this  may  perhaps  cease  to 
be  the  case. 

Let  us  next  take  the  northern  outcrop  from  Norfolk  to  Berkshire : 


LocALrrr. 


Hunstanton. 

6}  miles. 
Ingoldsthorpe. 

20  miles. 
West  Dereham. 

19  miles. 

Upware. 

7  miles. 

Between  Tjandbeach 
und  Cotteuham. 

9  miles. 

Ilaslingfield. 

19  miles. 

Camp  ton,  near  SbcfPord, 

14  miles. 

Heath,  N.  of  Leigh  ton 
Buzzard. 

194  miles. 

Thame   (hrickficld  be- 
tween Railway  Station 
and  Thame  Park). 

14  miles. 

Culham. 

38  miles  to  Devizes. 
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Keeping,  Gbol.  Mao., 
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Penning  &  Jukes-Browne, 
*  *  Geologj*  of  the  Neighbour- 
hood of  Cambridge'*:  Mem. 
Geol.  Sunr.,  Sh.  51  (S.W. 
and  N.W.),  p.  19. 

Ibid.,  p.  17. 


Priee,  *' The  Gault" 
(London,  1879),  p.  29. 

A.  M.  D. 


A.  M.  D. 


N0TB8. 


Phillips,  Quart.  Journ.  Geol. 
Soc.,  vol.  xvi,  p.  307. 


'^mm.  fATtf^M' in  Bed  Chalk. 


In  grej  sandy  clay.     '  Atnm, 


Base  of  Oanlt. 


Base  of  Gault.    With  JJ. 

tubtrcidatv*  and  SchloHbtichia 

injlata.     (See  below.) 

Base  of  Gault.    (See  below.) 


Base  of  Gault. 
'  Amm.  dttitatu*.* 


The   specimens   from    Heath   were  found    in    Mr.   Busheira  old 

pit,    visited    by  the    Geologists'    Association   in   1897  *   under  the 

guidance   of  Mr.  A.  C.  G.  Cameron.     As    I    understand    that  the 

pit  will   soon  be  olosed   over,  it  may  be  well  to  give  a  full  list 

^  Proc.  Geol.  Assoc,  vol.  iv,  p.  184. 
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of  fossils  from  it.  These  were  in  part  collected  by  my  wife  oq 
the  Yisit  of  the  Geologists'  Association,  partly  by  myself  on  a  later 
ocoasioQ.    All  except  the  belemnites  are  phospbatized. 

Moplitet  interruptus.  Dentahum, 

H,  iuierctUatut.  Inoeeramut  eoncenirieus. 

H.  lautua  (?)  (a  worn  fragment).  /.  tuleatut. 

SehVmbaehia  injlaia.  Fish-scales. 

^«/^m^  mill wfifM  (abundant).  Fish-coprolites. 

Sokarium. 

The  tnixtare  of  Upper  and  .Lower  Gault  fossils  is  striking,  but 
bas  been  noted  already  for  this  district  by  Mr.  Jukes-Browne  '  and 
Also  appears  to  exist  in  the  Isle  of  Wight,  where  8.  infiala  occurs 
in  tbe  Oault  Clay  along  with  H,  interrupt  us,  as  well  as  ranging 
throagh  the  Malm  and  Chert  beds  above.'  I  should,  however, 
M  that  some  thickness  of  Gault  is  exposed  at  Heath  (at  least 
fifteen  feet,  speaking  from  memory),  and  that  owing  to  the  large 
extent  of  slip  no  fossils  could  be  obtained  actually  in  place,  so  that 
some  may  have  come  from  a  higher  zone  than  others. 

At  Thame  the  actual  junction  of  Gault  and  'Lower  Greensand  * 
(here  probably  of  fresh-water  origin)  is  not  seen,  but  the  two 
are  dag  in  shallow  pits  not  many  yards  apart.  The  fossils 
I  obtained  here  were — . 

Hoplitet  interruptut, 
Btletnnite*  minimut, 

and  the  following  Foraminifera : — 

Criatellaria  gibba^  D*Orb. 
C.  subalatUy  Reuss. 
C.  ffoultinay  Berthelin. 
Fulvinulina  tpinuliftra  (Reuss). 

Another  Ganlt-pit,  a  mile  and  a  quarter  farther  west,  where  the 
Shillingford  Eoad  crosses  the  railway,  is  absolutely  unfossiliferous, 
even  foraminifera  being  unobtainable. 

On  the  outlier  at  Long  Crendon,  2J  miles  to  the  north-west, 
the  base  of  the  Gault  is  clearly  exposed,  but  here  I  failed  to  find 
Ammonites,  though  foraminifera  were  plentiful. 

In  the  38  miles  between  Culham  and  Devizes,  the  Gault  appears 
to  be  very  unfossiliferous.  When  the  Geologists'  Association 
Tisited  Faringdon  in  1877,  Mr.  E.  C.  Davey  publiHhed  a  catalogue  • 
in  order,  as  he  states,  "to  vindicate  the  palaeontological  honour 
of  Berkshire."  He  complained  that  **the  Government  Surveyors 
have  not  recorded  a  single  specimen  from  either  Gault  or  Upper 
Greensand,"  and  "the  late  Professor  Philips  is  equally  silent." 
Nevertheless  he  was  himself  only  able  to  give  six  genera  (without 
species)  fur  the  Gault  There  are  therefore  no  data  available, 
so  far  as  I  am  aware,  for  fixing  the  exact  age  of  the  base  of  the 
Gault  between  Culham  and  the  Devizes  district. 

1  "  Handbook  of  Historical  Geology,"  p.  412. 
»  Reid  &  Strahan,  *•  Geology  of  tbe  Isle  of  Wight/' 

'  '*  Catalogue  of  Fossils  from  the  Cretaceoua  Beds  of  Berkshire,  in  the  Collection 
of  E.  C.  DaTey,  F.G.S."  (Wantage,  1877). 
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It  18  clear,  however,  that  from  the  first  ooming-in  of  Gault  Clay 
in  Norfolk  to  its  last  fossil iferous  exposure  on  the  banks  of  the 
Tiiames,  wherever  its  basal  zone  can  be  recognized  it  is  that  of 
Hopliteg  interruptuB. 

If  we  now  turn  to  the  underground  distribution  of  the  Gault 
in  the  area  between  the  two  outcrops  we  have  been  considering, 
we  find  that  the  Ganlt,  taken  as  a  whole,  is  continuous  under 
the  entire  district  so,  far  as  the  evidence  goes.  It  varies  greatly 
ill  thickness,  but  if  we  plot  out  all  the  borings  on  a  map  and 
sketch  out  lines  of  equal  thicknestf  between  them,  we  find  that, 
in  spite  of  many  irregularities,  these  lines  have  a  general  N.W.-S.E. 
trend,  and  indicate  a  north-easterly  thinning,  which  becomes 
strikingly  manifest  at  Weeley,  Stutton,  and  Harwich.  As  this 
north-easterly  thinning  is  accompanied  by  disappearance  of  the 
Lower  Greensaud,  it  is  due  probably  to  overlap,  and  not  to 
eixisioii  of  the  Upper  Gault  like  the  northerly  thinning  along 
the  outcrop.  There  is,  therefore,  an  a  priori  probability  that  the 
lower  zones  of  the  Gault  as  we  pass  to  the  north-east  first  take 
on  a  shallow  -  water  facies  (which  would  be  called  '  Lower 
Greensand ')  and  then  are  overlapped  altogether.  But  so  many 
different  circumstances  combine  in  affecting  the  thickness  of 
a  deposit  that  it  is  not  safe  to  base  any  definite  conclusions  on 
it  alone.  From  only  one  of  the  borings  in  this  area  have  fossils 
been  recorded  which  could  help  in  the  determination  of  the  basal 
zone  of  the  Gault,  and  that  is  the  Richmond  boring.  Dr.  Gregoiy 
has  dJHcuBscd  ^  the  evidence  from  this  boring,  and  concludes  that 
it  is  in  favour  of  the  absence  of  the  If.  interruptiia  zone. 

After  pointiuj^  out  that  H.  aplendeuB  occurred  both  at  1,100  and 
at  1,128  feet  depth,  he  says:    ''This  species  ranges  from  the  4th 
to  the  7th  zone  of  the  Gault.     If  we  make  the  somewhat  improbable 
assumption   that  this   [the  lower]  specimen   came  from   the  verj 
loweHt  posHiblo  point  at  which  it  could  have  occurred,  then  zones  1- 
are  reduced  to  a  thickness  of  only  13  feet.     Thus,  either  the  thi 
bisal   zones   are   proportionally  much   thinner   at  Richmond  thai 
tliey  are  at  Folkestone,  or  else  one  or  more  of  them  is  there  absent 
The  latter  view  appears  the  more  probable." 

I  am  afraid  this  argument  will  not  stand  a  close  examination. 
is  true  that  in  the  Weald  Memoir  the  range  of  H,  Bplendeus  is  give         n 
as  zones  4-9  (not  7),  but  Price  records  it  from  his  zones  2-8^— ^r' 
answering  to  De  Rance*s  3-8.     Combining  the  two,  we  find   tL  -aie 
nmximuin  range  to  be  through  about  27  feet,  starting  at   10  fe  ^E^t 
from  the  bottom.      At  Kichmoud  the  two  8])eeimens  were  28  f^^*^^ 
apart,  and  the  lower  one  13  feet  from  the  bottom — a  curiously  clo-  *»© 
approximation  to  the  Folkestone  range.     Moreover,  H,  splendenB    ia 
not  so  restricted  everywhere  as  at  Folkestone.     I  have  found     it 
along    with    H.    iuterruptuB    at    tSt.    John's,    near    Sevenoaks,   SLtnf 
Mr.  R.  15.  Newton  has   recorded   it   from  the  in/erri/j»/H8-zoue   ot 

*  Loc.  cit..  p.  101. 

'  Quart.  Joum.  (ieol.  Soc.,  vol.  xxi,  p.  o42. 
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Okeford  Fitzpaine,  Dorset.^  The  proof  whioh  it  was  supposed  to 
give  of  the  absenoe  of  that  zone  at  Biohmond  ooosequently  falls  to 
the  ground. 

In  oonoliisioD,  I  have  to  express  my  sinoere  thanks  to  Mr.  Q.  C. 
Crick  for  his  ever  ready  help  to  me  in  the  identification  of 
Gephalopods ;  to  Mr.  F.  Chapman  for  identifying  the  foraminifera ; 
and  to  Dr.  Hinde  for  kindly  sending  me  the  fossils  ooUeoted  at 
Battlebridge  to  examine. 


NoTcs  ON  RooKALL  IsLAND  AND  Bank.  With  an  Aooount  of  the 
Petrology  of  Bookall,  and  of  its  Winds,  Currents,  eto.  ;  with 
Reports  on  the  Ornithology,  the  Invertebrate  Fauna  of  the  Bank, 
and  on  its  previous  History.  Transactions  of  the  Royal  Irish 
Academy,  vol.  xxxi  (1897),  pt  3,  pp.  39-96,  with  plates  ix-xiv. 

THIS  memoir  contains  the  results  of  an  exploration  carried  on 
under  the  direction  of  the  Rev.  W.  Spotswood  Green,  of  the 
^rish  Fisheries  Board,  with  the  assistance  of  Mr.  Harvie  Brown, 
Ur.  R.  M.  Barrington,  and  a  committee  of  the  Royal  Irish  Academy. 
Iq  Jane,  1896,  the  s.s.  '*  Oranuaile,"  of  the  Congested  Districts  Board, 
^ade  two  visits  to  the  Rockall  Bank,  but  none  of  the  party  of 
Naturalists  on  board  of  her  were  able  to  efiect  a  landing  upon 
^kall  itself,  though  some  interesting  sketches  and  photograpliH 
^«re  made  of  it,  and  valunble  collections  obtained  from  the 
^nrrounding  seas. 

The  Rockall  Bank  is  situated  in  the  Mid- Atlantic,  and  it  is 
^parated  from  the  plateau  on  which  the  British  Islands  stand  by 
^8  having  a  depth  of  from  1,300  to  1,600  fathoms.  The  bank  is 
150  miles  long  from  NE.  to  S.W.,  by  about  50  miles  wide,  within 
the  200-fathom  line,  and  about  half  that  extent  within  the  lOO-fathom 
Ifae  ;  it  is  resorted  to  by  fishing-craft  at  certain  seasons,  but  the 
amount  of  fishing  carried  on  there  has  not  been  so  great  as  was  at 
one  time  anticipated. 

Rockall  itself,  which  is  situated  in  lat.  57^  36'  N.,  long.  13°  42'  W., 
is  said  by  Captain  Basil  Hall  to  be  '*  the  most  isolated  speck  of  rock 
in  the  world.''  It  is  240  miles  distant  from  the  Irish  coast,  290  miles 
away  from  the  nearest  point  of  Scotland,  and  170  miles  from 
St.  Kilda.  It  is  only  about  250  feet  in  circumference  at  its  base, 
and  about  70  feet  in  height.  At  a  radius  of  2^  miles  from  the  rock 
the  depths  are  from  40  to  70  fathoms,  but  within  this  area  two  other 
small  rocks  rise  nearly  to  the  surface  of  tlie  sea.  *  Haslewood 
Rock '  is  a  small  half- tide  detached  rock,  bearing  N.E.  by  N. 
1}  cables  from  Rockall,  and  *  Helen's  Reef  (so  called  from  a  vessel 
that  was  wrecked  upon  it)  is  If  miles  E.  by  S.  from  Rockall,  and 
has  about  six  feet  of  water  upon  it  at  low-water. 

It  has  sometimes  been  Huggested  that  Rockall  might  form  an 
invaluable  position  to  be  utilized  for  a  lighthouse  or  a  meteorological 

»  Gbol.  Mao.,  Dec.  IV,  Vol.  Ill  (1896),  p.  200. 
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station.  But  minute  as  it  is  in  sisse,  and  exposed  as  it  is  to  the  foil 
swell  of  the  Atlantic,  which  rises  and  falls  there  more  than  12  feet 
in  the  calmest  weather,  such  use  of  the  rook  appears  to  he  oat  of  the 
question.  Indeed,  fishermen  and  sailors  from  men-of-war  have  only 
occasionally  effected  a  landing  upon  it,  under  the  most  favourable 
conditions,  with  the  greatest  diflSculty.  The  rock  lies  out  of  any  of 
the  usual  tracks  followed  by  steamships  and  sailing  vessels  in  crossing 
the  Atlantic.  At  a  distance  it  appears,  with  its  dark-coloured  base 
and  top  whitened  with  the  dung  of  innumerable  sea-fowl,  so  like 
a  ship  under  full  sail,  that  in  war-time  the  captains  of  men-of-war 
are  said  to  have  been  frequently  deceived  by  it. 

Although  no  landing  was  efiected  during  the  recent  investigation 
of  Rockall,  the  exploring  party  managed  to  secure  a  namber  of 
interesting  drawings  and  photographs  of  the  rock.  The  Bev.  W.  & 
Green  describes  the  general  character  of  the  mass  in  the  following 
words  : — '*  The  east  face  seemed  like  a  great  slab  of  gray  granitoid 
rock  (and  I  was  within  20  yards  of  it),  with  rectangular  joints  broken 
off  at  the  north,  so  as  to  show  the  square  edge  of  another  slab,  and 
this  was  in  turn  broken  off,  showing  the  face  of  a  third."  This 
granitoid  mass  *' rests  on  a  rock  showing  a  kind  of  bedding  oc 
jointing  (?),  dipping  about  east,  and  at  an  angle  of  30°  or  so." 

So  far  as  is  known,  no  specimens  have  ever  been  obtained  fro 
this  underlying  mass  on  the  west  or  south-west  of  the  rock,  and  it  ii 
impossible  to  say  whether  it  consists  of  sedimentary  materials,  o 
stratified  tuffs,  or  of  some  fissile  igneous  rock. 

Of  the  overlying  granitoid  mass,  however,  the  relations  of  whicl 
seem  to  strikingly  resemble  those  of  an  intrusive  sheet,  the  inde 
fatigable  exertions  of  Professor  T.  Bupert  Jones  have  resulted  i- 
brin<rii)g  together  three  specimens.     These  have  been  submitted 
Professor  Judd  for  examination  in  the  Geological  Laboratories  of  t 
Eoyal  College  of  Science.     One  of  these  specimens  was  obtained 
Basil  Hall  as  long  ago  as  the  year  1810,  when  Rockall  was  visit 
by  H.M.S.  "  End^rmion  "  ;   the  others  were  obtained  by  Commander 
Hoskyn  and  Captain  Inskip  respectively,  during  the  visit  of  H.M. 
*'  Porcupine  "  to  the  rock  in  1862.     In  each  case  the  specimens  we 
obtained  by  an  active  sailor,  with  a  line  attached  to  him,  springivi^ 
from  a  boat  on  to  the  rock,  and,  when  he  had  secured  fragments   of 
it,  throwing  himself  into  the  sea  to  be  towed  back  to  the  boat. 

Two  of  the  specimens  were  found  on  microscopic  examination  to 
he  distinctly  granitic  in  structure,  the  quartz,  felspar,  and  augite  of 
which  they  are  made  up  being  allotriomorphic.  Their  structure 
however,  resembles  that  of  the  granite- porphyries  rather  than  that 
of  the  true  granites.  The  third  specimen,  while  made  up  of  tbe 
same  minerals,  is  distinctly  hypoorystalline,  having  the  kind  of 
ground  mass  which  Kosenbusch  distinguishes  as  '  hypidomorpbic.* 
This  variety,  having  a  darker  colour,  as  well  as  a  finer  texture,  may 
not  improbably  form  veins,  or  possibly  inclusions,  in  the  main  mara; 
or  it  may  belong  to  the  edge  of  the  intrusive  sheet.  All  the  rocki 
are  somewhat  drusy  or  miarolitic  in  structure. 

Detailed  microscopical  examination  shows  that  the  material  ot 
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Hockall  is  really  of  a  very  uniqae  and  interesting  character.  The 
rook  oonsists  of  three  minerals — a  soda-augite  (cegirine  and  acmite), 
qaartz,  and  albite.  Accessory  minerals,  other  than  magnetite  and 
apatite,  appear  to  be  very  rare  in  it.  The  proportion  of  these 
ingredients  is  somewhat  different  in  the  several  examples  of  the 
rock,  the  darker-coloured  yariety  containing  more  of  the  soda-augites. 

The  order  of  crystallization  of  the  minerals  of  the  rook  is  easily 
^teraiiued.  The  soda-augite  (aogirine  and  aomite)  was  the  first  to 
separate,  the  centres  of  the  crystals  being  grass-green  aagirine,  and 
tlie  peripheral  portion  brown  acmite,  eaoh  mineral  exhibiting  its 
characteristic  pleochroism.  After  the  augite,  albite  separated,  and 
tbe  quartz  crystallized  out  last. 

Apatite  needles  are  found  enclosed  in  all  the  minerals  of  the  rock, 
and  among  the  secondary  minerals  of  the  rock  are  magnetite, 
^oartz,  arfvedsonite,  and  a  blue  soda-am phibole. 

The  specific  gravities  of  different  specimens  determined  by 
Mr.H.  S.  Hinton,  F.Q.S.,  were  found  to  vary  from  2-71  to  2-94. 

An  analysis  of  the  rock  of  the  highest  specific  gravity  and 
darkest  colour,  which  was  made  by  Mr.  0.  J.  S.  Makins,  under  the 
*Qperintendenoe  of  Professor  W.  A.  Tilden,  gave  the  following 
^ult :— 

Silica    ...        ...        ...        ...        ...        ...  73*60 

Alumina           4*70 

Ferric  Oxide 13*10 

Manganese  Oxide         '93 

Nickel  Oxide *06 

Magnesia          '11 

J^me      ...         ...         ...         ...         ...         ...  'of 

Soda      ...         ...        ...         ...         ...         ...  6*96 

Potash minute  trace 

Phosphoric  Acid           traces 


99*83 


lliis  analysis  shows  the  mineralogioal  constitution  of  the  rock 
^  bo  as  follows: — 

^girine  and  Acmite     39  per  cent. 

vtu&rus    ...         «•■         ...         ...         ...        oo       yf 

AlOlvn       ...  ...  ...  ...  ...  ZO  I, 

(With  a  little  anorthite.) 

The  soda-augite  (sagirine  and  aomite)  appear  to  have  a  very 
^looiiar  composition  to  that  of  the  rocks  of  the  Christian ia  district 
^^cribed  by  Brogger,  while  the  bulk  analysis  of  the  rock  resembles 
^W  of  some  of  the  quartz  ceratophyres  and  some  of  the  quartz- 
paatellerites  of  Foerstuer. 

The  nearest  analogues  of  the  rock  of  Eockall  are  to  be  found 
among  the  grorudites  of  Brogger  (quartz- tinguaite  of  Kosenbusch). 
Professor  Brdgger,  who  has  examined  a  section  of  the  rock  sent  to 
him,  agrees  that  the  rock  is  similar  to  his  grorudites  in  mineral 
composition,  but  he  demurs  to  it  being  included  under  his  name  on 
account  of  the  differences  in  structure.  On  the  other  hand,  the 
rock  of  Rockall  is  shown  to  differ  from  the  Natron -granites,  some 
of  which  it  resembles  in  structure,  by  its  high  proportion  of  augite. 
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Under  these  oiroamstanoes  it  is  proposed  to  give  to  the  material  ol 
liockall  a  distinotive  name  and  to  call  it '  Rockallite.' 

Rockallite  is  defined  as  a  rook  having  the  struotare  of  th< 
'granite-porphyries'  bat  belonging  to  the  extreme  variety  oi 
the  soda-bearing  aoid  rocks.  It  is  an  SBgirine-quartz-albite  rock 
intermediate  in  struotare  and  composition  between  the  soda-granitei 
on  the  one  hand  and  the  groradites  on  the  other,  and  presenting  pointi 
of  analogy  with  some  soda-oeratophyres.  Among  lavas  or  effasivi 
rocks,  rockallite  is  probably  represented  by  some  quarts-pan tellerites 

With  respect  to  the  age  and  relations  of  the  rock  forming  thi 
singular  isolated  mass  of  Rockall,  the  materials  for  arriving  a 
a  judgment  must  be  admitted  to  be  very  small.  If  the  rock,  on  whicl 
the  igneous  mass  lies  and  over  which  it  appears  to  have  been  thmst 
could  be  examined,  and  especially  if  this  were  shown  to  be  a  strati fiec 
rock  with  fossils,  the  evidence  thus  afforded  would  be  of  great  valne 
At  present,  however,  we  have  nothing  but  general  analogies  to  guid< 
us.  The  nearest  resemblance  to  rockallite  is  found,  as  we  have  seen 
among  the  Post>Silurian  dykes  in  the  Christiania  district  so  admirablj 
investigated  by  Professor  Brogger ;  and  it  may  be  that  in  Bockal! 
we  have  a  similar  intrusive  mass  of  the  same  period  that  hai 
escaped  destruction  by  denudation.  But  it  must  be  rememberec 
that  among  the  Tertiary  rocks  of  the  Westom  Isles  of  Scotland,  ii 
St.  Kilda  (which  is  the  nearest  land  to  Rockall),  in  Skye,  Ardna 
inurchan,  Mull,  and  Arran,  we  have  granites  and  granite-porphyriei 
containing  soda-augites  and  soda-am  phi  boles.  Some  rocks,  indeed 
approaching  in  character  to  rockallite,  occur  among  the  Tertiary 
eruptives,  and  it  is,  therefore,  by  no  means  impossible  that  rockallit 
may  belong  to  the  same  recent  period. 

In  another  division  of  the  memoir  before  us,  Professor  Grenvill 
A.  J.  Cole  describes  the  rock -specimens  dredged  on  the  Rockal 
l^ank.  These  all  show  a  remarkable  uniformity  of  character,  as  i 
the  original  source  of  the  material  had  been  true  local  rock-masse 
rather  than  any  ice-drift. 

The  great  mass  of  the  specimens  appears  to  be  basalt  of  th 
ordinary  type.  Some  of  these  appear  to  be  destitute  of  olivine 
and  approximate  to  augite  andesite  or  basalt  andesite.  Some  a^ 
vesicular;  others  are  more  or  less  glassy  in  texture,  and  exhil> 
flow-structures.  An  andesitic  pumice  and  a  scoriaceous  andesit^ 
**  well  removed  from  the  extreme  basaltic  types,"  were  also  foum 
With  these  igneous  rocks  was  found  one  example  of  a  fine-graine 
grey  argillaceous  and  slightly  micaceous  sandstone,  striking-/; 
resomhling  the  Ordovician  sandstones  in  the  altered  strata  oi 
County  Down. 

Among  specimens  supplied  by  Mr.  Cordeaux  of  Grimsby,  and 
obtained  by  fishermen  entangled  in  their  lines  when  fishing  on  ths 
Eockall  Bank,  are  many  basalts ;  also  one  specimen  of  an  ordinsrf 
red  granite  with  micro-pegmatite  and  a  red  sandstone,  very  similar 
to  the  Torridonian  rocks. 

Mr.  E.  H.  Scott  supplies  to  the  memoir  an  account,  illustrated  by 
sketch  charts,  of  the  winds  and  currents  in  the  district  in  whioh 


Reviews — A.  Strahan-^Qeology  of  Puvbeck  Sf  Weymouth.     167 

Bockall  occurs.  The  sonroes  of  iaformation  for  these  charts  are 
the  logs  of  Her  Majesty's  ships  since  1830  and  of  vessels  in  the 
Meroautile  Marine  since  1854. 

Mr.  H.  N.  Dickson,  of  the  Chemical  Laboratory,  University 
Museom,  Oxford,  gives  the  results  of  a  series  of  analyses  by  which 
the  degree  of  salinity  of  a  number  of  samples  of  sea- water  collected 
off  Rockall  was  determined. 

The  memoir  concludes  with  a  series  of  Reports  on  the  Natural 
History  of  Rockall  and  the  surrounding  seas.  That  on  the 
Ornithology  is  by  Mr.  J.  A.  Harvie  Brown ;  that  on  the  Mollusca 
by  Mr.  A.  R.  Nichols,  of  the  Science  and  Art  Museum,  Dublin  ;  that 
on  the  Crustacea  by  Mr.  W.  T.  Calumn,  B.Sc,  and  Professor  E.  P. 
^Vright;  that  on  the  Chsetopoda  by  Professor  M'Intosh ;  that  on 
tbe  Echinodermata  by  Mr.  W.  P.  Sladen ;  that  on  the  Polyzoa  by 
Miss  L.  R.  Thomelly ;  and  that  on  the  Sponges  by  Professor  R.  von 
Lendenfeld. 

Professor  T.  Rupert  Jones,  who  has  been  untiring  in  his  efforts  to 
obtain  new  light  on  this  most  interesting  locality,  contributes  a  very 
valaable  sketch  of  the  previous  history  of  Rockall,  and  a  general 
epitome  of  all  that  has  hitherto  been  published  concerning  it 

The  memoir  is  well  illustrated  by  three  coloured  drawings  of 
«ookall  from  sketches  by  the  Rev.  W.  S.  Green ;  six  photographs  of 
^lierock  taken  from  different  directions;  a  beautiful  plate,  showing 
the  characters  of  the  two  types  of  '  rockallite  '  as  seen  in  thin  slices 
^^der  the  microscope,  drawn  by  the  skilful  hand  of  Mrs.  Cole;  and 
'^elve  charts  showing  the  directions  of  currents  around  Rockall 
°^ring  every  month  of  the  year. 

1'be  lioyal  Irish  Academy  is  to  be  congratulated  upon  their 
spirited  attempt  to  gain  new  light  upon  this  interesting  locality,  and 
^^  less  so  on  the  manner  in  which  the  results  achieved  have  been 
P^'esented  to  the  public  in  their  *  Transactions.* 

^^Mkmoibs  op  thb  Gkological  Survey  of  England  and 
Walks.  ''The  Geology  of  tue  Isle  of  Purbeck  and  Wey- 
mouth." By  Aubrey  Strauan,  M.A.,  F.G.S.  8vo:  pp.  xi  and 
278;  5  plates  from  photographs,  2  folding  plates,  and  183  other 
illustrations  in  the  text;  map  and  3  plates  of  sections  at  the  end 
of  the  book.     (London,  1898.     Price  10«.  6J.) 

IN  his  preface  the  Director- General  of  the  Geologinal  Survey 
remarks  that  **  when  the  revision  of  the  Geological  Survey  ma{)s 
of  the  Isle  of  Wight  was  completed  in  1888,  it  was  deemed  advittable 
to  continue  the  work  into  the  adjacent  parts  of  Dorset  The  ta^k 
of  resurveying  the  classic  Isle  of  Purbeck  and  the  region  round 
Weymouth  was  entrusted  to  Mr.  A.  Strahan,  who  had  mapped  the 
Secondary  formations  of  the  Isle  of  Wight.  In  two  years  the 
£eld-work  was  finished  as  far  as  the  top  of  the  Chalk,  and  the 
mapping  of  the  Tertiary  deposits  was  subsequently  completed  by 
Mr.  0.  Keid." 
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Quite  recently  also  five  new  sheets  of  this  district,  based  apon 
a  new  series  of  Ordnance  Survey  maps,  have  been  issued  coloured 
geologically ;  and  thus  both  the  topography  and  geolo^  of  the 
dihtrict  have  been  rectified  and  brought  up  to  date.  Manuscript 
copies  of  the  original  six-inch  working  maps  are  to  be  seen  at  the 
Museum  of  Practical  Geology. 

So  far  as  the  Jurassic  portion  of  this  work  is  concerned,  it  is 
to  a  considerable  extent  a  reissue  of  that  part  of  Mr.  H.  B. 
Woodward's  memoir  on  the  Middle  and  Upper  Jurassic  rooks  of 
England  (vol.  v  of  the  ''Jurassic  Rocks  of  Britain  ")  relating  to  this 
district.  Mr.  Woodward's  work  was  reviewed  in  the  Gbolooioai* 
Magazine  for  1896,^  when  we  had  occasion  to  comment  nnfavour- 
ably  on  the  printing  of  some  of  the  illustrations.  Mr.  Straban 
liHS  been  more  fortunate  in  having  his  memoir  on  the  Isle  of 
Purbeck  better  treated  by  the  Stationery  Office,  so  that  the  aame 
figures  of  Jurassic  fossils,  which  were  so  indistinctly  printed 
in  Mr.  Woodward's  memoir,  come  out  mnch  better  in  the  Isle 
of  Purbeck  memoir,  and  this  remark  also  applies  to  other 
illustrations  repeated  from  Mr.  Woodward's  book.  The  new 
illustrations  in  Mr.  Strahan's  work  (many  of  them  being  prints 
from  photogravures)  and  the  folding  plates  with  coloured  sections 
are  exceedingly  good.  But,  then,  we  must  bear  in  mind  that 
the  price  of  this  memoir,  containing  278  pages,  is  lOs.  6iL,  as 
against  70.  6d.  for  vol.  v  of  the  "Jurassic  Rocks  of  Britain,"  with 
its  449  pages. 

We  quite  agree  with  the  author  that  the  district  under 
consideration  includes  a  length  of  coast  which  is  hardly  surpassed 
in  interest  in  any  other  part  of  England.  This  interest  may  he 
snid  to  culminate  in  the  various  coves,  etc.,  al>out  Lulworth, 
''  which  furnish  an  example  of  coast  erosion  that  cannot  easily 
be  mHtched  elsewhere."  Stair  Hole  and  Lulworth  Cove  are 
illustrated  by  the  frontispiece,  which  has  been  reproduced  from 
a  photograph  by  Mr.  Mason  Good.  Geologists  are  to  be  con- 
gratulated that  this  piece  of  coast  is  dissected  by  the  sea  in  such 
a  manner  as  to  display  stratigraphical  features  of  the  utmost 
importance— Alpine  sections,  one  might  almost  say,  in  miniature. 
A  few  aeons  further  back  in  time  the  progress  of  erosion  would 
not  have  been  sufficiently  advanced  to  show  these  things  well  : 
a  few  aeons  later,  if  there  are  no  material  alterations  in  the  level, 
auil  most  of  the  phenomena  in  connection  with  the  Isle  of  Purbeck 
disturbance  at  Lulworth  will  have  disappeared,  whilst  the  sea 
will  merely  wash  cliffs  of  chalk  having  a  dip  of  a  few  degrees 
to  the  northwards. 

Under  the  heading  of  Purbeck  Beds  a  considerable  amount  of 
fresli  matter  is  introduced,  though  the  chapter  on  Organic  Remains 
is  nminly  derived  from  Mr.  Woodward's  memoir,  with  the  same 
figinvH  of  fossils  somewhat  better  printed.  A  similar  remark 
a|)]tIioK  also  to  such  cuts  as  the  diagram-section  of  part  of  Stair 
liole,  the  silicified  mass  of  Purheck  wood  at  Portihham,  and  others. 

1  Dec.  IV,  Vol.  Ill,  p.  129. 


£metc9 — A.  Strahan — Oeoiogy  of  Purheek  Sf  Weymouth.     169 

^  aathor  is  considerably  exercised  as  to  the  qaestion  on  what 
honton  the  boundary  should  be  drawn  between  the  Jurassic  and 
Cretaceous    systems.     ''  Without  attempting/'   says    the    Director- 
General,    "  to    decide    this    stratigraphical    question    in    what    is 
intended  to  be  a  local  memoir,  Mr.  Strahan   has   laid   stress  on 
the  classification  which,  though   local,  represents   most   naturally 
the  relations   of    the   rock-groups  to   each  other  in  the  South  of 
England."     We  perceive   that,   whilst  the   base  of   the  Purbecks 
is    entirely   distinct   from    the    underlying    Portland    Beds,   there 
is  a  difficulty  in  separating  the  former  from   the  Wealden  Series, 
vrhether  palsBontologically  or  stratigraphically ;    moreover,  in  this 
area  the  Wealden  folds  with  the  JuraNsics.     On  the  other  hand, 
as    fresh-water   conditions   were    continued,   no   matter    what   the 
period   may  have    been,    the   Wealden   waters   had   no  chance   uf 
receiving  any  accession  of  the  neighbouring  marine  fauna,  which 
in  other  regions  was  already  assuming  a  Cretaceous  type.     Although 
there  may  be  a  difficulty  in  separating  them,  yet  a  very  marked 
difference   exists  between   the   Lower  and    Middle   Purbecks   and 
the   Wealden   taken   as   a   whole.     The   Purbecks  consist   largely 
of  calcareous  beds,  and  the  area  was  liable  to  sudden  incursions 
of  the   sea,  which  restored  for  a  time  a  semi-marine  fauna:    the 
Wealden,  on    the    contrary,   is   very  poor  in    calcareous    matter, 
and  the  deposits  are  more  essentially  fluviatile. 

Mr.  Strahan  expresses  his  views  in  the  following  table  (p.  76)  : — 


Formations, 
Soath  of  England. 


ConditioDB  of 
Deposition. 


I 


Chalk. 

Upper  Greensand  and  . 
Gaolt.  ) 

Break. 

Lower  Greenland. 


Wholly  marine. 


Wholly  marine. 


PafaontoloffiecU  break 
dH€  to  sudden  change 
of  conditions. 


Wealden. 
Purbeck. 


J 


(\  Estuarine  marine 
alternating  with 
and  passing  down 
into  fresh- water 
and  terrestrial. 


TaliBontological  hreak 
dtte  to  sudden  change 
of  conditions, 

Portlandian. 


Portlandian.  \    wi.«n»  «,«««^ 

Kimmeridgian,  etc.     )  I  ^^^^^  °'*""®- 


Affinities. 


Cretaceous. 


Cretaceous. 


Oolitic  as  re- 
lates to  the 
plants,  rep- 
tiles, &  marine 
molluscs. 


Oolitic. 


Equivalents  in  the 
North  of  England. 


Chalk. 

Red  Chalk  and  Car. 
stone. 

Break. 


Tealby  Series  and 
Spilsby  Sandstone ; 
a  stratigraphically 
continuous  scries 
of  marine  deposits 
with  Oolitic  affini- 
ties in  the  lower 
part. 

Break, 


Kimmeridgian,  etc. 
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Of  the  many  curioas  features  whioh  the  Lower  Parbeck  present 
that  of  '  brecoiation '  has  caused  not  a  little  difference  of  opinion 
Mr.  Strahan  is  inclined  to  support  the  view  propounded  by  th< 
liev.  0.  Fisher,  that  the  fracturing  of  the  '  broken  beds  *  was  du< 
to  their  having  been  deposited  over  a  mass  of  decaying  trees  am 
mosses  and  having  subsequently  fallen  in.  Plate  iii  gives  a  go(K 
representation  of  the  'broken  beds*  near  Lulworth,  and  may  als( 
be  taken  generally  as  a  favourable  specimen  of  the  application  o 
photography  to  stratigraphical  features. 

The  Weal  den  Beds  in  this  area  are  not  particularly  interesting 
from  a  paloaontological  point  of  view,  though  at  Worbarrow  Ba^ 
their  total  thickness  is  stated  to  be  1,237  feet,  the  formation  be 
coming  thinner  westwards.  The  Lower  Qreensand  is  exposed  ii 
three  coast  sections,  viz.,  at  Punfield  Cove  in  Swanage  Bay,  ii 
Worbarrow  Bay,  and  in  Mupe  Bay,  westward  of  which  it  thini 
out.  As  already  determined  in  the  "  Qeology  of  the  Isle  of  Wight,* 
the  author  accepts  Mr.  Meyer's  opinion  that  the  Punfield  Beds  o 
the  Isle  of  Purbeck  are  Lower  Greensand ;  he  states  also  that  th< 
subdivisions  of  the  Isle  of  Wight,  though  greatly  attenuated,  ar< 
partly  recognizable  at  Punfield,  where  the  total  thickness  is  198  feet 
At  Worbarrow  Bay  the  section  shows  136  feet,  and  the  beds  are  lest 
fossiliferous.  Of  the  few  inland  exposures  of  Lower  Oreensand  th< 
Corfe  Castle  cutting  alone  exhibited  any  points  of  interest 

I1ie  Oault  and  Upper  Greensand,  owing  to  a  change  in  th< 
character  of  the  former,  are  not  to  be  separated  within  the  district 
Like  the  rest  of  the  Cretaceous  rocks,  the  Gault  and  Greensand  an 
thinner  in  Purbeck  than  in  the  Isle  of  Wight,  but  unh'ke  the  otheri 
they  thicken  again  further  west.  Palaeontologically,  these  strata 
are  divided  by  Dr.  Barrois  into  the  zones  of  Pecten  asper  anc 
AnimoniteB  inflatus,  but  the  lithology  does  not  quite  corresponc 
with  the  zoning.  At  Worbarrow  Bay  this  formation  is  167  feel 
thick.  A  fine  seines  of  fossils  appears  to  have  been  collected  b} 
Barrois  from  the  Upper  Greensancf  of  Durdle  and  Lul worth. 

The  Chalk,  being  one  of  the  most  important  formations  within  the 
area,  is  dealt  with  at  considerable  length,  and  the  figures  of  fossih 
are  rather  more  successful  than  has  been  the  case  in  some  of  th< 
previous  memoirs.  Dr.  Barrois'  pal»ontologioal  zones  of  the  ChaU 
of  South  Dorset  are  given  in  a  table  (p.  166),  and  on  the  following 
page  Mr.  Strahan  gives  us  his  latest  views  on  the  subdivisions  of  th< 
Chalk  as  displayed  in  Ballard  Cliff:  — 

Ft.  in 

T"  /  Chalk  with  flints  ... 

Chalk     1  ^^***i^®  ^^^  somewhat  lumpy  chalk,  without  flints     20     i 

(  Chalk  Rock :  a  layer  of  very  hard  groeu-coatcd  nodules        ...  0     • 

/  Hard,  rough,  and  lumpy  chalk 6 

Middle  1  Smooth,  thick-bedded  enalk,  with  partings  of  marl 90 

Chalk,   j  Melbourne  Rock ;  rough,  nodular,  and  flaky  chalk,  with  sparry 

\                   jOlUvS     ...          ...          ...          ...          ...          ...          ..,  o 
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LOWUL 

Cmuk. 


/  Smooth  chalk  with  conchoidal  fracture 
Zone  of  I     and  five  partings  of  psile-blao  marl ... 

BelemniUUa  plena,  j  Smooth  chalk,  passing  into      

\  Fine  marl  

Alternations  of  chalk  and  marl  in  bands  of  1  to  2  feet  in 
thickness:  an  occasional  line  of  green  nodules,  like 
those  of  the  Chalk  Uock.    Ammonites  variatu  occurs 

in  the  lower  22  feet,  but  not  above 

Hard  chalk-marl  weathering  into  rhombs       

Very  hard  splintery  chalk  

Sandj  and  glauconitic  marl        

Chluritic  marl;  glauconitic  sand  with  rolled  casts  of  Ammonites, 
Nautili,  and  Exogyra,  the  last  appareittly  indigenous 


Ft.  in. 


4 

0 

2 

0 

6 

0 

126 

0 

6 

0 

1 

4 

0 

10 

4     0 


The  westward  attenuation  of  the  Clialk  is  a  noteworthy  feature,  as 
shown  in  the  following  table  (p.  164) : — 


Tpper  Chalk. 
Middle  Chalk. 
Lower  Chalk. 


Ballard  Point. 


Worbarrow,  Lulworth, 
and  White  Nethe. 


ft. 

956 

113-90 

114-104 


Black  Down 
and  westwards. 


} 


ft. 
300-500  ^ 

100-150 


The  fine  features  presented  by  the  Chalk  in  the  boast  sections 

*fe  well  illustrated,  including  the  classical  section  of  the  Isle  of 

Purbeck  fault  on  Ballard  Cliff.     These  will  be  more  appropriately 

Miced  under  the  heading  *<  Disturbances  and  Faults." 

The   full    description    of   the   Tertiary  strata  of  the  Hampshire 

tin    is    reserved    for    another    memoir,    but   a   few    notes    on 

Occurrences  in  this  district  are  given,  and  these  have  been  partly 

famished    by   Mr.   C.    Beid.     Bearing    in    mind    that    the    most 

important   industry  of  the  northern  half  of  the  Isle  of  Puibeck 

is  especially  connected  with  the  Bagshot  Beds,  which  cover  nearly 

half  the   area  of    the   map,  plate   viii,  any  evidence   as   to   their 

physical   history  cannot   fail   to   be   of    interest     Westwards  they 

are  said  to  become  very  gravelly,  and   they  have   been  found  to 

cat  through  the  London  Clay  so  as  to  rest  directly  on  the  Clialk. 

These  gravels  may  be   distinguished  from  those  of    the   Beading 

Beds  by  their  containing,  in  addition  to  flint  and  chert,  so  much 

quartz   and   subangular   Palasozoio   rocks    '*as   to   make    tke    iine- 

screened  material  look  like  a  Cornish  beach."     The  history  of  the 

outliers  on  Bincombe  Down  and  on  Blackdown,  near  Portisham,  is 

very  remarkable;  and  Mr.  Strahan  considers  that  the  Bagshots  on 

the  former  hill   have  been  partly  affected   by  the   Kidgway  fault 

"  tilting  up  the  south  side  of  the  Bincombe  outlier,  but  leaving  the 

northern  half  horizontal."     Formerly  these  outliers  were  regarded 

as  Beading  Beds  by  the  Geological  Survey,  and  as  Plateau  gravel  by 

Prestwich. 

The   subject  of  Pleistocene  and   Becent  deposits  also  comes  in 
for  a  fair  share  of  notice;    and  here  the  author,  apropos  of  the 

^  A  Tariable  thickness  of  Chalk  is  misiUDg  here. 
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gravels  of  Portland  Island,  is  led  to  take  exception  to  the 
"  interestiDg  but  erroneous  speculation  of  Prestwich  as  to  the 
a^e  of  the  great  topographical  features  of  the  district."  The 
Broadway  anticline,  for  instance,  was  of  earlier  age  than  sup- 
posed by  Prestwich,  "for  its  crest  was  planed  oflf  before  the 
Upper  Greensand  was  deposited."  Of  course,  no  work  on  the 
AVey mouth  district  would  be  complete  without  a  dissertation  on 
the  Chesil  Beach,  speculations  as  to  the  origin  of  which  have 
given  rise,  he  says,  to  a  voluminous  literature.  To  us  it  always 
seemed  that  the  papers  written  by  Sir  John  Goode  in  1853  are 
by  far  the  most  valuable  contributions  to  the  subject.  But  the 
suurgestion  of  the  possible  derivation  of  the  quartzites  and  other 
far- travel  led  stones  of  doubtful  origin  from  the  destruction  of  the 
Plateau  gravels  of  the  more  immediate  district  is  one  worthy  of 
attention. 

Probably  the  most  important  part  of  this  memoir  is  that  dealing 
with  faults  and  disturbances.  Ever  since  the  days  of  Webster 
and  Sir  Henry  Englefield,  in  the  early  years  of  this  century,  the 
coast -sections  of  East  Dorset,  in  continuation  of  those  of^  the  lale 
of  Wight,  have  attracted  the  attention  alike  of  artists  and 
stratigraphists.  We  are  favoured  with  a  new  interpretation  of  the 
origin  of  the  phenomena  which  are  so  conspicuously  displayed  ia 
liallard  Cliff,  where  the  Isle  of  Purbeck  fault  first  comes  under 
notice  (see  plate  iv).  The  same  explanation  is  also  held  applicable 
further  westwards,  viz.,  the  horizontal  thrust  movement,  whereby 
the  Chalk  has  been  ruptured  and  pushed  over  itself,  in  a  manner 
not  unlike  that  displayed  by  the  thrust- planes  of  the  North- West 
Highlands. 

Evidence  is  also  adduced  to  show  that  the  several  disturbances 
are  referable  to  different  periods.  The  post- Cretaceous  movements 
are  thought  to  indicate  three  steps — 

1.  Between  Chalk  and  Eocene. 

2.  Between  Lower  and  Middle  Eocene. 

3.  Miocene  and  early  Pliocene. 

Of  course,  it  goes  without  saying  that  the  denudation  consequent 
on  the  upheaval  of  the  Chalk  must  have  been  progressing  for 
ages  before  any  Eocene  beds  were  laid  down  in  this  part  of 
the  wdrld,  since  Chalk-flints  had  been  churned  into  pebbles 
on  many  a  shingle  bank  as  the  waste  went  on,  and  these  same 
pebbles  form  no  inconsiderable  portion  of  the  Lower  Tertiaries 
all  over  the  South  of  England.  The  movements  between  Lower 
and  Middle  Eocene  seem  to  be  more  special  to  their  district. 
Then  came  the  folding  of  the  Miocene  age,  to  which  the  bulk  of 
the  phenomena  may  be  ascribed.  The  pre '  Creiaceoua,  or,  as 
Mr.  Strahan  calls  them,  the  intra-CretaceouB,  movements,  whioh 
do  not  affect  the  beds  above  the  Gault-Greensand,  have  already 
been  mentioned  in  connection  with  the  Weymouth  district 

Though  the  Isle  of  Purbeck  fault  intersects  the  cliff  again 
west  of    Lulworth,   its  form   is  clearly  shown  in   Ballard   Point 
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oolj.  Nevertheleas,  this  disturbanoe  produces  results  equally 
interesting  on  the  Lul  worth  coast,  where  a  region  of  compressiou 
occurs,  as  shown  more  especially  by  the  squeezing  and  contortion 
of  the  Pnrbeck  beds  on  the  east  side  of  Lul  worth  Cove,  at  Stair 
Hole,  and  other  places.  Plate  ▼  gives  a  good  illustration  of 
crashed  and  inverted  Chalk- with -flints  in  Man  0'  War  Cove. 
Here,  the  author  says,  we  must  conclude  that  the  Middle  and 
Lower  Chalk,  the  Upper  Qreensand  and  Qault,  and  the  Wealdeii 
and  Purbeck  Beds  have  suffered  compression  to  the  amount  of 
one-fourth  their  original  thickness.  The  other  disturbances  of 
post-Cretaceous  age,  and  more  especially  the  Kidgway  fault,  come 
in  for  their  fair  share  of  notice ;  whilst  the  remarkable  phenomena 
observed  in  the  Kidgway  cutting,  where  Oxford  Clay  appears  in 
the  most  unexpected  manner,  are  duly  discussed. 

As  regards  illustrations  for  these  important  features,  Mr.  Stralian 
niotrodnces  his  previously  published  map  showing  the  intra- 
CiBtaoeons  and  post-Cretaceous  disturbances,  together  with  his 
prerioosly  published  sections  across  the  Purbeck  and  Kidgway 
&Qlts.  Three  folding  plates  of  sections,  coloured  geologically, 
^tirther  serve  to  display  the  marvels  of  the  coast  of  East  Dorset. 
These  are  drawn  along  or  transverse  to  the  coast  by  Mr.  Strahan, 
uid  reduced  from  the  original  drawing  by  Mr.  Gilbert  Williams ;  the 
lotle  adopted  is  12  inches  to  1  mile,  vertical  and  horizontal.  It  would 
be  interesting  to  make  a  coasting  voyage  in  order  to  compare  these 
Actions  with  Webster's  bold  drawings  in  Sir  H.  Englefield's  work. 

Chapters  on  physical  and  economic  geology  conclude  this  memoir, 

^liich  is,  moreover,  provided  with  an  exhaustive  bibliography  of 

iome  25  pages  on  the  "  Geology,  Mineralogy,  and  Palaeontology  of 

Dorset,"   the  joint  work  of  the  author  and  Mr.  Whitaker.     The 

copious  literature  proves  the  interest  which  has  been  taken  in  this 

part  of  the  world,  and  there  can  be  no  doubt  that  the  volume  under 

consideration  is  a  most  valuable  addition  to  the  general  stock.    Apart 

also  from  its  value  in  a  scientific  sense,  and  as  an  indispensable 

addition  to  the  library  of  all  who  take  an  interest  in  Dorset  geology, 

it  is  more  creditable  to  the  Stationery  Office  than  many  of  the 

memoirs  which  have  been  published  by  the  Geological  Survey. 


11.  —  On  Jurassic,  Neocomian,  and  Gault  Boulders  found  in 
Denmark.  By  Ethel  G.  Skeat  and  Victor  Mads  en.  Large 
8vo ;  pp.  213,  with  8  plates  of  fossils  and  map.  (Copenhagen : 
Beitzel,  1898.) 

THIS  work  relates  to  the  investigation  of  the  fossil  contents  of 
a  number  of  boulders  of  Mesozoic  rooks,  which  are  found 
associated  with  boulders  of  crystalline  rocks  in  various  parts  of 
Jutland  and  the  adjacent  islands.  The  authors  acknowledge  the 
assistance  they  have  received  from  various  quarters ;  the  material 
having  been  placed  at  their  disposal  by  the  General  Direction  of  the 
Danish  Greological  Survey  and  other  departments  in  Copenhagen. 
Their  work  was  also  greatly  facilitated  by  assistance  and  advice 
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from  Professor  Zittel  at  Manioh ;  and  facilitieR  were  afforcled  for 
comparing  the  varioun  species  with  type-specimens  in  several 
museums  throughout  England,  France,  and  Switzerland. 

In  additon  to  the  introduction  the  work  consists  of  two  parts: 
(1)  a  description  of  the  boulders  themselves  and  the  oonclusioos 
arrived  at  as  to  their  age  and  origin ;  (2)  a  palssontological  part, 
consisting  of  notes  and  descriptions  of  the  principal  species  contained 
in  the  boulders,  l^roughout  the  work  great  care  has  been  taken  to 
exhibit  the  ranges  both  in  time  and  space  of  the  several  spedea, 
mostly  lamellibranchs,  on  which  the  identification  of  the  age  of  the 
boulders  is  based. 

The  oldest  Mesozoio  rock  of  which  evidence  exists  is  represented 
by  boulders  of  varying  materials,  in  which  the  shells  are  both 
fresh  and  brackish  water  forms,  unfortunately  but  ill  preserved. 
These  are  regarded  as  having  been  derived  from  Bhs^tic-Lias  beds, 
which  are  not  yet  known.  All  three  stages  of  the  Liaa  are 
represented,  one  boulder  from  the  Jamesoni-zouQ  being  quite  a 
little  museum  in  itself.  These  Lias  boulders  are  found  principally 
on  the  islands  and  on  the  east  side  of  Jutland.  They  are  regarded 
as  having  been  derived  from  the  eastward ;  and  the  same  direction 
is  also  claimed  for  the  one  Callovian  boulder  which  contains  a 
recognizable  MacroeephaliteB.  The  authors  do  not  fail  to  enlarge 
upon  the  wide  extent  of  this  well-known  Jurassic  horizon. 

By  far  the  most  numerous  collection  of  fossiliferous  boulders 
occurs  in  the  extreme  north-west  of  Jutland,  where  a  Kimeridge- 
Portland  fauna  of  the  Swindon  and  Hartwell  type  is  well 
represented.  It  is  considered  that  these  have  been  derived  from 
beds  now  concealed  in  the  Skagerrack.  The  matrix  is  mostly 
a  calcareous  sandstone,  more  or  less  ferruginous ;  and  we  can 
easily  believe  that  anything  like  typical  Kimeridge  Clay  would  hardly 
survive  in  a  boulder  deposit.  The  Upper  Jurassic,  as  we  know, 
is  found  in  strips  along  the  east  coast  of  Sutherland  and  Cromarty, 
almost  opposite  Jutland  on  the  other  side  of  the  North  Sea,  where 
the  general  assemblage  of  fossils  is  said  to  give  evidence  of  littoral 
conditions.  *' Fragments  of  the  grits  and  limestones  of  the  Upper 
Oolite,  containing  their  characteristic  fossils,  are  by  no  means 
rare  in  the  Boulder-clay  of  Elginshire,  and  have  also  been  detected 
in  Aberdeenshire  and  Caithness"  (Judd,  in  Q.J.G.S.,  vol.  xxix, 
p.  184).  Thus,  on  both  sides  of  the  North  Sea  there  are  evidences 
of  a  considerable  development  of  beds  of  Upper  Oolite  age ; 
although,  if  the  fossils  from  the  Scotch  beds  have  been  correctly 
determined,  they  would  indicate  a  somewhat  lower  Eimeridgian 
horizun  than  is  shown  in  the  boulders  of  north-west  Jutland. 

"  Speaking  generally,  it  may  be  said  that  the  forms  contained 
in  the  boulders  are  such  as  belong  to  the  middle-European  Jurassic 
province  of  Neumayr;  and  in  the  map  accompanying  his  paper 
this  Scnggerrack  region  is  included  in  the  north  temperate  zone 
of  Jurassic  times,  as  distinct  from  the  boreal.  The  beds  were 
laid  down  under  rather  similar  but  more  uniform  conditions  than 
those  of  Boulogne,  and  indicate  possibly  an  eastward  continuation 


Betnews — Oeological  Surrey  of  Canada.  175 

of  the  same  sbore-line."     Somewhat  similar  conclusions  are  drawn 

from  the  examination  of  two  Neooomian  boulders. 

In  the  second  part  the  palsdoutology  of  the  fossils  found  in 
the  boulders  is  worked  out  with  great  care  and  discrimination, 
and,  in  fact,  occupies  the  greater  portion  of  the  entire  work.  The 
formations  are  dealt  with  in  order  from  Lias  to  Qault  inclusive. 
Much  pains  is  bestowed  on  the  synonymy  and  distribution  of 
each  species  recorded,  whilst  the  list  of  the  principal  works  referred 
to  may  serve  to  show  the  number  of  authors  consulted.  There 
are  eight  plates  of  fossils  from  photographs  executed  by  £.  Wilson, 
of  Cambridge.  This  method  is  now  largely  employed  on  the 
Continent,  and  in  cases  like  the  present,  where  the  point  is 
identification  rather  than  description,  the  results  may  be  regarded 
as  decidedly  good.  It  is  clear  that  some  of  the  fossils  cannot 
have  been  badly  preserved.  The  Gasteropoda  are  the  least 
Batisfactory. 


III.--OsoLOGiOAL  SuBVBT  OF  Canada.  G.  M.  Dawson,  C.M.G., 
LL.D.,  F.RS.,  Director.  Annual  Report  (New  Series),  vol.  ix, 
Eeports  A,  F,  I,  L,  M,  K,  S,  for  1896.  With  plates  and  maps. 
8vo.     (Ottawa  :  Dawson,  1898.) 

THIS  volume  comprises  816  pages  and  contains  five  maps  and 
twenty  plates.  It  begins,  as  usual,  with  a  summary  report, 
addressed  to  the  Minister  of  the  Interior,  by  the  Director,  Dr.  George 
M.  Dawson,  C.M.G.,  F.R.S.,  dated  Ist  January,  1897,  which  sets 
forth  the  work  done  in  the  year  1896  at  the  Museum  and  head- 
quarters of  the  Survey  in  Ottawa,  and  that  accomplished  in  the 
field,  the  latter  including  zoological  and  botanical  as  well  as 
geological  work. 

Among  other  matters  of  greater  or  less  importance  relating  to 
the  Museum,  the  Director  insists  strongly  on  the  advisability  of 
a  new  Museum  being  built,  which  should  be  safer  and  more  com- 
modious than  the  present  one,  which  he  alleges  to  be,  both  by 
construction  and  situation,  in  grave  danger  of  destruction  by  fire. 

Dr.  Dawson  brings  into  prominence  once  more  the  essential 
functions  of  the  Geological  Survey  by  remarking  that  its  chief 
work  is  **  that  of  providing  geological  maps  and  reports  of  the 
several  parts  of  the  country,  such  as  to  be  of  value  to  the  explorer, 
the  miner,  and  others,'*  and  he  adds  that  '*  the  demand  for  informa- 
tion of  the  kind  has  been  greater  than  ever  before."  He  further 
states  that  the  Geological  Survey  is  the  only  organization  under 
the  Dominion  Government  which  undertakes  a  general  mapping  of 
the  country  as  a  whole,  work  which  has  been  carried  on  from  the 
commencement  of  the  Survey  in  1843. 

Very  notable  progress  was  made  during  the  year  1896  "  in  the 
development  of  the  mineral  resources  of  Canada,  both  in  the  way 
of  actual  work  and  in  attracting  the  attention  and  interest  of  capital. 
British  Columbia  has  begun  to  evidence  its  value  as  a  permanent 
producer  of  the  precious  metals,  in  a  manner  long  foreseen  by  those 
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who  have  paid  attention  to  its  geological  strnotnte  and  |>08ition.  In 
Ontario,  wherever  the  Huronian  aystem  is  developed  and  Las  been 
examined,  valuable  mines,  more  particularly  those  of  gold,  arc 
being  discovered  and  opened  up.  In  Nova  Scotia  renewed  interest 
has  been  shown  in  gold-mining,  and  with  improved  machinery  and 
methods  the  output  is  likely  soon  to  be  greatly  increased.  Othei 
mineral  industries  throughout  the  country,  whether  already  estab* 
lished  or  in  course  of  development,  share  in  a  general  appreciation." 

After  a  short  account  of  the  explorations  of  the  field  corps,  then 
follow  some  details  of  the  work  done  in  the  Museum,  in  the  seotioni 
devoted  to  chemistry  and  mineralogy  by  Dr.  Hoffmann,  to  lithologj 
by  Mr.  W.  F.  Ferrier,  to  mining  and  mineral  statistics  by  Mr.  £.  D. 
Ingall.  and  to  palssontology  and  zoology  by  Mr.  J.  F.  Whiteavea, 
Dr.  H.  M.  Ami,  and  Mr.  L.  M.  Lambe.  Under  the  last  head 
Mr.  Whiteaves'  valuable  contributions  to  Canadian  palteontology 
are  included,  especially  the  well-known  "Palsdozoic  Fossils."  Dr. 
Ami  applies  his  extensive  knowledge  of  the  fossils  of  the  PalsBOzoic 
rocks  of  Canada  to  aid  in  the  elucidation  of  stratigraphical  problenu 
relating  to  the  geology  of  Ontario,  Quebec,  and  the  Maritime 
Provinces,  and  in  the  preparation  of  systematic  lists  of  fossils  to 
accompany  field  reports.  Mr.  Lambe  takes  up  the  study  of  the 
Canadian  fossil  corals,  the  results  o^  which  will  be  looked  forward 
to  with  interest  by  specialists  in  this  difficult  group. 

The  first  field  report  is  that  of  Mr.  J.  Burr  Tyrrell  "  On  the 
Doobaunt,  Kazan,  and  Ferf^uson  Rivers,  and  the  North- West  Coast 
of  Hudson  Bay,  to  Lake  Winnipeg."  The  region  explored  (in  1893 
and  1894)  is  embraced  in  an  area  of  about  200,000  square  miles,  and 
lies  north  of  the  59th  parallel  of  latitude,  and  west  of  Hudson  Bay. 
The  report  is  accompanied  by  a  coloured  map  on  a  scale  of  25  miles 
to  1  inch,  and  by  a  number  of  illustrations,  reproduced. from  photo- 
graphs, which  give  a  very  fair  impression  of  the  character  of  the 
spenery.  Many  observations  on  the  natural  history  of  the  region 
are  interspersed  in  thene  pages  which  are  very  interesting  reading. 
Of  such  is  the  description  given  by  the  author  of  the  immense  henis 
of  the  barren-ground  Caribou  (Rnngifer  GrcBtilandicus)  met  with  on 
the  shores  of  Carey  Lake,  an  expansion  of  the  Doobaunt  River  about 
40  miles  south-west  of  Doobaunt  Lake.  Thousands  of  these  animals 
were  collected  together  in  single  herds  where  the  explorers  had 
pitched  their  tents.  "  The  little  fauns  were^  running  about  every- 
where, often  coming  up  to  within  a  yard  or  two  of  us,  uttering  their 
sharp  grunts  as  they  stood  and  looked  up  at  us,  or  as  they  turned 
and  ran  back  to  the  does.  .  .  .  Later  in  the  afternoon  a  herd 
of  ])uoks  trotted  up  to  us,  and  stood  at  about  forty  yards  distance. 
This  was  a  most  beautiful  sight,  for  their  horns  are  now  [30tb  July] 
full-grown,  though  still  soft  at  the  tips ;  but  unfortunately  we  bad 
not  the  camera  with  us.  We  did  not  shoot  any  to-day."  But  thia 
is  not  the  story  of  the  hills,  and  so  perhaps  thought  our  explorer, 
for  he  returns  in  the  next  paragraph  to  his  geological  notes. 

The  two  explorations  occupied  together  15  months,  and  included 
the  determination  of  the  geographical  features  of  the  vast  wildernesc 
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fniTelled  over,  as  well  as  the  oharaoter  of  the  rocks  and  miDerals 
nsderljing  it. 

These  rocks  consist  of  the  following  systems : — (I)  The  Laurentian, 
which  is  here  ''applied  almost  exclusively  to  the  crystalline,  massive 
or  sltored,  crushed  and  contorted  rooks  of  the  Fundamental  Gneiss 
or  'Basement  Complex/  consisting  of  granites  and  diorites,  and 
granite-  and  diorite-gneisses,  which  it  has  been  impossible  to  separate 
in  any  definite  time-series."     (2)  The  Huronian  is  represented  by 
the  Marble  Island  (Hudson  Bay)  white  quartzite,  which  Mr.  Tyrrell 
regards  as  not  improbably  the  oldest  part  of  the  Huronian  in  tho 
TsgioD  near  the  north-western  shore  of  HudHon  Bay  from  Marble 
Islaod  northward  to  Dawson  Inlet  southward.     This  quartzite  has 
aaaociated  with  it  diabase  and  other  basic  eruptives,  which  have 
been  intruded  beneath  it  and  have  also  flowed  over  it.     (3)  The 
Cambrian   rocks    consist  of   the    Athabasca    sandstones   and   con- 
glomerates occupying  the   northern   part  of  the   region   explored. 
The  rock  varies  from  a  coarse  conglomerate  to  a  fine-grained,  red, 
mottled  sandstone,  and  as  no  fossils  were  found  in  it  the  age  of  the 
formation  was  determined  on  stratigraphical  and  iithologioal  grounds 
tlone.   Mr.  Tyrrell  concludes,  however,  that  as  they  "  hold  a  position 
OQConformably  above  the  Huronian  and  below  the  Camhro-Silurian, 
they  may  be  assigned  with  probability  to  the  Cambrian.*'     (4)  Two 
small  outliers  were  the  only  representatives  of  the  Cambro-Silurian 
(Ordovician)  found  within  the  area  surveyed,  the  one  being  on  an 
island  in  Nicholson  Lake,  the  other  near  Fort  Churchill.     The  fosHil 
contents  of  these  rocks  showed  them  to  be  of  the  age  of  the  Trenton 
Limestone.     (5)  Silurian  rocks  were  not  seen  in  situ,  but  masses  of 
^bite  limestone  scattered  along  the  river-bank  near  Churchill  are 
Toferred  to  that  system  on  the  strength  of  their  fossils,  one  of  which, 
a  Leperditia,  had   been  submitted   to   Professor  T.   Rupert   Jonett. 
(6)  The  Pleistocene  period  is  here   indicated   by  a  great  glacier 
(a  map  of  which  is  given)  called  by  Mr.  Tyrrell  the  Eeewatin 
Glacier,  the  most  northern  of  three  great  centres  of  glaciation — tbe 
Cordilleran,  the  Eeewatin,  and  the  Labradorean,  constituting  a  great 
neve  er  'gathering-ground,'  from  which  the  ice  flowed  outward  in 
all  directions. 

A  description  of  the  till,  moraines,  eskers,  ancient  beaches,  etc., 
concludes  the  geological  part  of  this  report,  to  wliich  three  appendices 
are  attached,  one  on  Chippewyan  names  of  places,  another  a  vocabu- 
lary of  words  used  by  the  tribe  of  inland  Eskimos  inhabiting  the 
banks  of  Kazan  and  Ferguson  rivers,  and  the  third  containing  a  list 
of  the  plants  collected. 

Mr.  Tyrreirs  report  is  followed  by  a  short  one  by  Dr.  Bell  on  the 
geology  of  the  French  Eiver-sheet  of  the  Survey  Map,  representing 
the  country  at  the  northern  end  of  Georgian  Bay  (Lake  Huron). 
The  object  of  this  report  is  to  condense  the  information  obtained 
from  various  reports  by  the  writer  and  others,  the  coloured  map 
acxioropanying  it  (on  a  scale  of  4  miles  to  1  inch)  indicating  the 
geological  facts,  which  are  therefore  sparingly  dealt  with  in  the 
text.     If  a  vertical  section  could  be  made  from  the  mainland  along 
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the  western  part  of  the  area  sarveyed  and  produoed  Roathward  J 
through  La  Cloche  Island  and  the  eastern  end  of  Grand  ManitouUn-fl 
Island,  it  would  exhibit  the  following  ascending  saccession : — 

Feet. 

Chocolate  marls  and  fine  sandatones  (Ghazy  F) ...  100 

Trenton  group     820 

Utica  formation  ...        ...        ...        ...        ...  60 

Hudson  River  formation            260 

Clinton  formation           177 

Niaffara  fonnation          405 

Gucuph  formation  (P)      100 

1,412 

The  Lanrentian  rooks  met  with  consisted  of  mica-  and  hornblende"- 
gneisses  in  even  and  regular  beds,  together  with  coarse  hornblende — * 
and  mioa-schists  and  bands  of  quartz-rock  with  schistose  partinga  - 
These  dip  usually  at  angles  of  medium  inclination. 

The  most  conspicuous  feature  of  the  Hnronian  system  is  a  whitist^ 
quartz! te  which  forms  great  ridges  extending  eastward  from  a  poin^ 
oil  the  mainland  north-west  of  Georgian  Bay,  and  again  in  a  aouth"- 
westerly  direction  to  Lake  Huron.     Between  these  two  arms  of  th^ 
qnartzite,  and  northward,  the  most  abundant  rock  is  greywacka* 
which  is  associated  with  varying  quantities  of  qnartzites,  quartz - 
conglomerates,   agglomerates,   breccias,   sericite-  and  mioa-aohiats, 
impure   dolomites,   and  eruptive  greenstones.     The  whole  serieB, 
including  the  quartzites,  dips  at  high  angles. 

The  economic  minerals  in  this  region  include  iron,  copper,  and 
nickel,  but  they  are  not  in  sufficient  quantity  to  encourage  mining 
operations. 

Mr.  A.  P.  Low's  report  is  based  upon  a  traverse  of  the  northern 
part  of  the  Labrador  Peninsula,  from  Richmond  Gulf  (Hudson  Bay) 
to  Ungava  Bay  (Hudson  Strait).  The  route  taken  lay  through  Clear 
Water  and  Seal  Lakes  and  the  Stillwater,  Larch,  and  Koksoak 
Kivers,  the  last-named  emptying  into  Ungava  Bay.  The  text  is 
illustrated  by  remarkably  good  reproductions  from  photographs, 
from  which  a  vivid  idea  is  formed  of  the  essentially  barren  nature 
of  this  northern  wilderness. 

Some  general  examination  into  the  geology  of  the  country  was 
obtained  as  time  and  opportunity  permitted,  the  object  being  to 
supplement  the  results  of  the  explorations  of  1892,  1893,  1894, 
and  1895  in  this  region  embodied  in  the  Report  on  the  Labrador 
Peninsula. 

Lanrentian  rocks  were  met  with  along  the  greater  part  of  the 
route.  They  consisted  chiefly  of  more  or  less  foliated  granite,  and 
of  eruptive  masses  of  dark •  greenish  basic  granite  and  diabase. 
The  contact  between  the  Lanrentian  granite  and  the  stratified  and 
unaltered  rocks  of  the  Cambrian  is  concealed  by  the  deep  clays  of 
the  valley  of  Junction  River,  where  the  western  wall  of  the  valley 
is  formed  of  granite,  while  the  east  side  is  composed  of  cherty 
dolomite  and  arenaceous  shale.  Certain  schists  and  gneisses  are 
also   classed    as    Cambrian,   of   which    they    represent    a    highly 
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inetainorpbio   pbase,  and   to  these  are  added  newer  intrusions  of 

granite,   whioh    bave  cbanged    the    sedimentary   Cambrian    rocks 

into  schists  and  gneisses   by   the  heat  and  pressure  due  to  the 

intmsion.     The  unaltered   Cambrian   rooks,  represented   by  dolo- 

Tvites,  shales,  and  dolomitio  sandstones  resting  unoonformably  upon 

Xianrentian  gneisses,  ocour  on  the  east  coast  of  Hudson  Bay,  where 

at  Richmond  Gulf  they  have  a  breadth  of  twenty  miles.     They  are 

t.Taceable  also  up  the  Larch  Riyer  for  thirty  miles  from  its  junction 

'With  the  Kaniapiskau.     Detailed  sections  showing  the  character  of 

tlie  rocks  were  measured  at  various  places,  and  these  are  inserted  in 

the  Report,  which  concludes  with  a  reoord  of  the  superficial  deposits 

and  glaciation  of  the  region  traversed. 
Dr.  L.  W.  Bailey's  report,  which  is  accompanied  by  a  coloured 

map  drawn  on  a  scale  of  eight  miles  to  one  inch,  treats  of  the 

geology   of  South- West  Nova   Scotia,  embracing   the   counties   of 

Qaeen's,    Shelbnrne,  Yarmouth,   Digby,    and    part    of    Annapolis. 

'This  area  comprises  3,370  square  miles,  in  which   the  following 

groaps  of  rocks  are  represented  : — 

!•  Graoite. 

2*  Qoartzites  and  slates  resembling  those  of  Halifax  and  Lunenbnrg 

Counties,  like  them  auriferous,  and  believed  to  be  of  Cambrian 

age,  but  without  ascertained  fossils. 
3.  HioaceoQS,  homblendic,  and  staurolitic  strata,  supposed  to  be  the 

metamorphic  equivalents  of  the  Cambrian  rocks. 
^  Fossiliferous  slates  and  iron-ores  of  Oriskany  or  Eo-Devonian  age..  ' 
5-  Red  sandstones  of  Post-Carboniferous  age — Triassio  ? 
^*  Trap  (dolerite,  amygdaloid,  etc.),  associated  with  No.  5. 

The  physical  features  and  surface  deposits  of  the  region  surveyed 
^^6  next  described;  its  irregular  coastline,  with  long  and  narrow 
inlets,  whose  resemblance  to  the  fiords  of  Norway  was  pointed  out 
by  Sir  Charles  Lyell  on  his  first  visit  to  America  in  1841  ;  the  dunes 
Or  sand-hills,  moraines,  boulders  (often  of  large  size),  rivers  and 
lakes,  kames,  and  peat  bogs  ;  and  the  glaciation,  very  strongly 
marked  in  the  rocks  upon  the  coast,  forming  in  some  places  deep, 
troogb-like  hollows. 

The  underlying  rocks,  largely  consisting  of  those  provisionally 
referred  to  the  Cambrian,  exhibit  evidence  of  profound  metamorpbism 
in  some  parts  of  the  area,  while  in  others  they  are  but  little  altered  ; 
these  two  conditions  passing  into  each  other  by  insensible  gradations. 
Tbey   are   separated   by  Dr.  Bailey   into   three   divisions  :    I,  the 
Quartzite  Division  ;  II,  the  Banded  Argillite  Division,  consisting  of 
grey  and  purple  slates;  and  III,  the  Black  Slate  Division.     These 
rocks  have  been  affected  by  the  earth  movements  which  have  in- 
fluenced the  rock  formations  along  the  whole  eastern  coast  of  America, 
and  present  a  series  of  domes  or  ridges,  usually  anticlinal  in  structure, 
around  which  are  enwrapped  the  remains  of  the  higher  and  less 
resisting  slaty  beds.     The  total  area  covered  by  the  Cambrian  rocks 
in  the  district  examined  is  computed  at  1,000  square  miles. 

Siluro-Devonian  beds  occur  in  small  patches  in  Annapolis  and 
I^igby  Counties.     It  is  concluded  from  the  fossils  derived  from  these 
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depoBits,  determined  or  re*ezaniioed  by  Dr.  H.  M.  Ami,  "  tbat  tb 
beds  hold  forms  referable,  some  to  a  transitional  eeriee,  and  otbei 
to  a  borison  at  tbe  bate  of  tbe  Devonian  [Eo- Devonian  of  H.  8. 
Williams],"  and  this  is  '<  in  aooordanoe  with  the  stratigraphy  of  the 
district,  whioh  indicates  a  perfectly  oontinuoas  and  oonformable 
series  of  beds." 

Red  sediments,  assigned  with  a  query  to  the  Triassio  epoch: 
underlie  the  Annapolis  Valley,  and  traps  ocoarring  in  the  long  ba" 
interrupted  ridge  forming  the  North  Mountain  of  Annapolis  Connty^ 
Digby  Neck,  Long  and  Briar  Islands,  are  regarded  at  possibly  o-« 
contemporaneous  origin. 

Among  the  economic  minerals  of  this  part  of  Nova  Sootia  gol  . 
occupies  an  important  place.     The  results  of  mining  the  precio 
metal,  thoagh  apparently  somewhat  checkered,  seem  to  have 
on  the  whole  of  an  encouraging  nature,  and  there  are  some  p 
perties  yielding  good  returns  and  promising  still  better.     A  detaili 


account  of  tbe  gold-mining  industry  is  given  by  Dr.  Bailey  in  h». 
report,  and  he  also  refers  to  the  ores  of  iron  found  and  worked  ^ 
the  area  under  review.  Excellent  *  process '  illustrations  enrich  tl^ 
report  similar  to  those  of  the  other  reports  in  this  volume. 

Dr.  O.  Christian  Hoffmann's  report  of  the  section  of  Chemistry  an 
Mineralogy  contains  a  record  of  the  more  interesting  results  obtain^^ 
by  the  examination  and  analysis  of  various  rocks  and  minerals  aob- 
mitted  to  him,  in  whicb  his  assistants,  Messrs.  Waite  and  Johnston, 
bore  their  share. 

In  the  section  of  Mineral  Statistics  and  Mines  (Annual  Beport  for 
1896)  Mr.  E.  D.  Ingall,  assisted  by  Messrs.  Cole  and  McLeish, 
makes  an  important  contribution  to  this  subject,  so  vital  to  the 
interests  of  a  country  possessing  the  mineral  wealth  of  Canada. 
A  few  words  from  the  introduction  to  this  report  will  suffice  to 
show  what  rapid  strides  the  country  is  making  in  mineral  develop- 
ment. '<In  1886  the  total  mineral  production  of  the  country,  as 
per  direct  returns,  supplemented  by  close  estimates  where  complete 
returns  could  not  be  obtained,  was  valued  at  a  little  over  ten  million 
dollars.  In  1896  the  value  of  Canada's  mineral  production  had 
increased  125  per  cent  or  to  over  twenty-two  and  a  half  million 
dollars." 

llie  Report  closes,  as  usual,  with  a  g^od  Index. 

Abthub  H.  Foobd. 


February   17,   1899.  — W.   Whitaker,  B.A.,  F.R,S.,  President,  in 

the   Chair. 

Annual   Okmebal  Mvbtimq. 

The  Secretary  read  the  Reports  of  the  Council  and  of  the  Library 
and   Museum  Committee  for  the  year  1898.     In  the  former  the 
Council  congratulated  the  Fellows  on  their  increase  in  numbers  aud. 
on  the  oontiaued  financial  prosperity  of  the  Society. 
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Bnring  1898  the  nnmber  of  Fellows  elected  was  52:   of  these 

qualified  before  the  end  of  the  year,  making  with  17  previously 
doted  Fellows,  a  total  aooession  of  58  in  the  ooarse  of  the 
relvemonth.  During  the  same  period,  the  losses  by  death,  resig* 
ktion,  and  removal  amounted  to  52,  the  actual  increase  in  the 
irober  of  Fellows  being  6. 

The  total  number  of  Fellows,  Foreign  Members,  and  Foreign 
orrespondents,  which  on  December  Slst,  1897,  was  1,833,  stood 
1 1,339  bv  the  end  of  1898. 

The  balance-sheet  for  the  year  1898  showed  receipta  to  the 
mount  of  £3,575  7s.  1(2.  (including  a  balance  of  £723  3«.  Od. 
TOQght  forward  from  the  previous  year),  and  an  expenditure  of 
12,499  6s.  5d.,  the  balance  remaining  available  for  the  current 
ear  being  £1,076  Os.  M. 

The  Secretary  of  H.M.  Office  of  Works  having  announced  that 
be  Department  proposed  to  lay  down  a  new  system  of  drainage  in 
onnection  with  the  Society's  apartments,  the  Council  had  pointed 
ut  the  need  for  improved  lavatory  accommodation.  This  the  Office 
f  Works  consented  to  provide,  on  condition  that  the  Society  shall 
ontribute  the  sum  of  £200  towards  the  cost  thereof — a  proposal 
^hioh  the  Council  advised  the  Fellows  to  accept. 

It  was  announced  that  the  MS.  of  the  Third  Volume  of  Hutton*e 
Theory  of  the  Earth,"  edited  by  Sir  Archibald  Geikie,  is  now  in 
16  press,  and  that  it  is  proposed  to  print  a  number  not  exceeding 
00  copies. 

The  completion  of  vol.  liv  and  the  commencement  of  vol%  Iv 
f  the  Society's  Quarterly  Journal  was  mentioned,  and  attention 
^as  called  to  the  fact  that  in  this  and  future  years  the  Record  of 
^ological  Literature  added  to  the  Society's  Library  will  be  issued 
Jncurrently  with  the  May  number  of  the  Journal.  Reference  was 
iso  made  to  the  issue  of  Index  Slips  with  each  number. 

The  new  system  adopted  during  the  past  year  with  regard  to  the 
election  of  papers  for  publication  in  the  Quarterly  Journal  was 
xplained,  and  the  awards  of  the  various  medals  and  proceeds  of 
onation  funds  in  the  gift  of  the  Council  were  announced. 

Tlie  report  of  the  Library  and  Museum  Committee  enumerated 
^e  large  additions  made  to  the  Society's  Library  during  the  past 
^nr,  and  announced  the  approaching  completion  by  Mr.  C.  Davies 
Herbom  of  the  work  of  labelling  and  registering  the  type-  and 
ther  interesting  specimens  in  the  Museum. 

The  reports  having  been  adopted,  the  President  presented  the 
^oUaston  Medal  to  Professor  Charles  Lapworth,  LL.D.,  F.R.S., 
^dressing  him  as  follows : — Professor  Lapworth, — 

On  four  occasions  has  the  Council  of  this  Society  already  delighted  to  do  yoa 
^i^our,  with  the  Morchison  Fund  in  1878,  with  the  Lyell  Fund  in  1882  and  1884, 
^  with  the  Bigshy  Medal  in  1887.  Our  Funds  are  usually  awarded  with  the 
■^  of  helping  ohservers  and  of  stimulating  them  to  further  efforts,  and  from  this 
^int  of  view  the  Funds  awarded  to  you  have  certainly  been  most  profitable  iuTest- 
^ntf.  Nor  could  the  Bigsby  Medal,  with  its  age-limit,  have  been  better  bestowed 
an  on  one  who  had  done  so  much  and  such  good  work  before  reaching  thd  age 
45. 
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At  that  time,  howerer,  the  effect  of  yonr  work  could  hardly  be  apprecuted  to  the 
full.  I  beliere  that  the  appreciation  of  it  will  increaae  ai  time  goes  on,  and  I  am 
glad  to  know  that  in  an  elaborate  Memoir  on  the  Silurian  Rocks  of  Scotland,  shortly 
to  be  published,  the  Officers  of  the  Geolog:ical  Surrey  do  full  justice  to  your  sanei  of 
paper8  on  those  rocks  in  the  Soutii  of  Scotland,  saying  that  yon  haTe  furnished 
a  complete  solution  of  the  stoitigraphical  and  mdeontological  difficulties  of  the 
subject,  and  haTe  discovered  tiie  key  to  the  complicated  stratigraphy  of  the  region. 
TIlc  fiunimary,  at  the  end  of  the  chapter  on  Preyious  Researches,  is  written  "  to  place 
clearly  on  record  the  distinctive  features  of  Professor  Lapworth's  aduereinenii, 
.    .     .    .    which  resulted  in  establishing  the  true  order  of  succession  of  the  stnta.'* 

We  hardly  know,  indeed,  which  to  admire  most,  the  brilliance  of  your  work  or  th» 
single-mindedncss  with  which  it  has  been  done  ;  not  onlyin  the  £icottiah  Uplands^ 
but  also  in  the  still  more  remarkable  region  of  the  North- Western  Highlands,  whi8r» 
the  officers  of  the  Geological  Surrev  have  now  worked  out  in  detail  that  most  oom— 
plicated  structure  which  you  so  justly  appreciated. 

In  establishing  the  Ordoncian  SvBtem,  too,  you  have  done  your  best  to  promotH 
hannony  between  the  rival  claimants  for  Cambrian  and  for  Silurian. 

Since  the  Bigsby  Medal  was  awarded  to  you  your  labours  in  various  brmnehes  »d 
Geology  have  been  continued,  notably  in  further  working  out  the  structure  of  th 
Southern  Uplands  of  Scotland,  in  the  discovery  of  the  English  O<m#0M-rocka,  a 
in  additions  to  our  knowledge  of  the  O/iffMl/ns-fauna  and  its  geological  reUlio 


Your  researches  on  the  ancient  rocks  of  Shropshire  have  been  published  onlv  L^a 
abstract ;  the  striking  results  at  which  you  have  arrived  lead  us  to  nope  that  ere  lon^^g' 
they  may  be  publishra  in  full. 

In  your  address  to  the  Geological  Section  of  the  BiitLsh  Association  in  1892,  yiyvK 
astounded  vour  hearers  hj^  the  way  in  which   you  applied  your  knowledge  €^f 
mountain-structure  to  questions  of  the  largest  kind,  showmg  a  breadth  of  vieiw  ihmi 
had  not  been  surpassed  oy  any  geologist. 

Lately,  and  in  quite  another  fine  of  work,  in  that  admirable  Sketch  of  the  Geology 
of  the  Birmingham  District,  issued  by  the  Geologists'  Association  last  year,  you  hayt 
given  us  one  of  the  best  accounts  of  any  English  dirtrict  ^t  we  possess,  weaving  U 
the  work  of  others  and  giving  it  the  character  of  a  perfect  fabric. 

It  is  not  only,  however,  for  your  work  as  a  geologist  that  we  wish  to  honour  yon, 
but  also  for  your  work  as  a  teacher.  In  saying  this,  I  do  not  refer  merely  to  jou 
professional  work,  excellent  though  it  be,  but  rather  to  that  highest  of  all  teaching, 
the  influence  that  you  have  had  on  your  fellow- workers  in  Geology.  That  influence 
is  to  be  traced  in  much  of  the  best  work  that  we  have  had  of  late  years,  and  during 
our  present  Session  we  have  had  important  papers  which,  I  venture  to  say,  would  not 
have  been  written  but  for  lines  of  tnonght  suggested  by  yon.  We  look  forward  to 
a  long  continuance  of  your  brilliant  labouiK. 

Professor  Lapworth  replied  in  the  following  words: — Mr. 
President, — 

I  am  deeply  grateful  to  the  Council  of  the  Geological  Society  for  the  great  honour 
which  they  have  conferred  upon  me  by  the  award  of  the  Wollaston  Medal ;  and  to 
you,  Sir,  for  the  kindly,  and  indeed  too  kindly,  terms  in  which  you  have  referred  to 
my  scientific  work. 

It  was  my  happy  lot  to  have,  at  the  very  outset  of  my  geological  career,  the  aid 
and  encouragement  of  a  master  in  the  science — my  dear  friend,  the  late  Professor 
Alleyne  Nicholson.  It  has  been  my  good  fortune  to  live  in  districts  where  some  new 
g(>ological  work  could  be  done.  And  more,  since  the  day  when  I  read  my  first 
geological  paper,  I  have  been  encouraged  and  stimulated  by  the  friendship  and  the 
sympathy  of  many  earnest  geologists. 

When  I  think  of  my  manv  opportunities,  and  remember  how  often  my  results  have 
fallen  sadly  short  of  my  aims,  I  feel  that  this  distinction  is  less  a  reward  than 
a  cousolation.  But  I  accept  it  as  an  outward  and  visible  sign  that  the  Council  are 
well  aware  that  the  same  instinctive  love  for  our  glorious  and  all-embracing  science 
as  that  which  inspired  those  whose  names  adorn  the  illustrious  roll  of  the  past 
Wollaston  Medallists,  has  also  prompted  and  g^ded  me  in  my  work,  and  has  given 
me  a  place  in  the  generous  regard  of  the  Fellows  of  the  Geological  Society. 

In  handing  the  balance  of  the  prooeeds  of  the  Wollaston  Donation 
Fund  (awarded  to  Prof.  J.  B.  Harrison,  M.A.,  F.G.S.)  to  Mr.  J.  J.  EL 


Reports  and  Proceedings — O&ological  Society  of  London.      183 

'eall,  M.A.,  F.B.S.,  for  transmission  to  the  recipient,  the  President 
idressed  him  as  follows : — Mr.  Teall, — 

I  hare  tiie  pleasure  of  handine  over  to  yoa  the  balance  of  the  WoUaston  Fond  for 
x>fee6or  J.  B.  Harrisoa,  in  acknowledgment  of  his  work  in  the  West  Indies  and 
ritish  Guiana.  In  the  course  of  the  last  eight  years  he  has  contributed  seTcral 
pers  to  the  Society  (in  conjunction  with  Mr.  Jukes- Browne  and  Mr.  G.  F.  Franks) 
.  the  Geology  of  Barbados,  which  have  added  much  to  our  knowledge  of  old  coral - 
e£iy  of  the  past  physical  geography  of  the  region  in  which  they  occur,  and  of  the 
eanic  deposits  with  which  they  are  associated.  In  tills  work,  his  ability  as 
chemist  has  been  of  great  service. 

He  has  also  done  mosX  of  the  field-work  for  the  G^logical  Map  of  Barbados,  and 
US  Tidted  other  West  Indian  Islands  and  part  of  British  Guiana,  in  order  to  draw 
I  official  reports  on  soils  and  gold-bearing  rocks.  In  the  last  of  these  yisits,  made 
5t  year,  he  suffered  repeated  and  nearly  nttal  attacks  of  fever,  from  which  he  was 
>wly  recovering  in  December,  when  we  last  heard  from  him. 

Mr.  Teall  replied  in  the  following  words : — Mr.  President, — 

In  handing  this  award  to  me  for  transmission  to  Professor  Harrison,  you  nlace  me 
I  a  somewhat  unusual  position.  No  communication  has  been  received  from  Professor 
larrison  since  the  award  was  decided  upon  by  the  Council.  AH  that  we  know 
bout  him  is  that,  in  December  last,  he  was  recovering  from  an  illness  brought  on  by 
vork  in  the  interior  of  British  Guiana,  and  was  contemplating  a  journey  to  Barbados 
n  Jinoary.  The  fact  of  oar  not  having  received  any  acknowledgment  from  him  is, 
therefore,  probably  due  to  his  absence  from  Greorgetown. 

I  need  not  repeat  what  you,  Sir,  have  said  about  his  scientific  work  in  the  West 
Indies  and  British  Guiana.  He  is  a  man  who,  in  the  midst  of  professional  engage- 
Bents,  and  without  the  stimulus  of  frequent,  sympathetic  intercourse  with  fdow- 
wwkers  in  science,  has  yet  found  time  to  carry  out  important  scientific  researches  in 
^-distant  British  Colonies.  I  feel  sure  that  he  would  wish  me  to  express,  on  his 
^half,  the  deep  sense  of  the  honour  which  has  been  conferred  upon  him,  and 
to  assure  the  Society  that  this  mark  of  their  appreciation  will  encourage  him  to 
oontinae  his  scientific  work. 

The  President  then  presented  the  Murcbison  Medal  to  Mr.  B.  N. 
Peaob,  F.R.S.,  and  a  sebond  Murcbison  Medal  to  Mr.  J.  Home, 
^^R.S.E., addressing  them  as  follows: — Mr.  Peach  and  Mr.  Home, — 

Since  the  years  1887  and  1888,  in  which  the  WoUaston  Fund  was  awarded  to  you 
*^icc88siTely,  you  have  continued  your  work  in  Scottish  Geology,  taking  a  leading  part 
Q  the  latter  year  in  that  Report  on  the  Recent  Work  of  the  Geological  Survey  in  the 
^Ofth. Western  Highlands,  printed  in  our  Journal,  in  which  the  new  view  of 
*^e  structure  of  that  region  is  described  in  some  detail.  You  have  also  dealt  with 
■^  Oienellus 'tone  in  the  same  district,  and,  ascending  greatly  in  the  geological  scale, 
^u  have  discussed  Glacial  geology  and  have  undertaken  Cavern-research. 

Mr.  Peach,  moreover,  has  done  much  pala>oatological  work,  having  long  acted 
^  Palaeontologist  to  the  Scottish  Survey,  and  it  should  not  be  forgotten  that  he 
bribed  the  first  fossil  scorpion  found  in  the  Silurian  rocks  of  Scotland.  He  has 
^  giren  us  a  paper  on  some  additions  to  the  fauna  of  the  Olenellus'ionef  and  has 
^ti<^  a  radiolarian  chert  of  Arenig  a^. 

Mr.  Home,  either  alone  or  in  conjunction  with  other  colleagues,  has  given  us 

paper  on  * '  Foliated  Granites  and  their  Relations  to  the  Crystalline  Schists,'* 
^owmg  an  intimate  relation  between  the  two  rocks  and  that  the  foliation  in  the 
^fmtT  may  have  originated  in  at  least  two  ways  ;  he  has  communicated  other  papers 
^  the  Geological  Society  of  Edinburgh,  on  igneous  rocks,  on  volcanic  necKS,  on 
^^ssiliferous  Cambrian  and  Carboniferous  rocks,  and  on  glaciation,  taking  part  also 
^  the  Report  of  the  British  Association  Committee  on  the  Shelly  Clays  of  Clava  and 
^intyre,  and  in  the  work  of  the  Inverness  Society. 

Your  association  together  has  been  productive  of  much  good  work,  and  we  hope 
hat  it  may  long  continue.  In  handing  the  Proceeds  of  the  Wollaston  Fund  to  one 
'^  yoQ  in  1888,  Professor  Judd  remarked  that  as  in  your  researches  you  had  been  so 
^astantly  united,  in  the  recognition  of  your  services  you  should  not  be  divided,  and 
^t  the  name  of  Home  would  appropriately  follow  that  of  Peach.     On  the  pre|ent 
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oci^on,  I  Km  glnd  to  9ity  that  we  have  alloweil  no  int«rT>1  Wtween  Ihs  tuniv,  M 
have,  BtiU  mnre  nppriipriiitelT.  I  think,  than  before,  coapled  them  log^Uiir  bi 
awarding  a  Mudal  In  each  of  Tou.  Thii  award  aeema  to  me  to  gf)  Tery  naninll;  nU 
that  of  the  Wiillastua  M«da1  to  Prafeuor  Lupworth.  ai  jrou^ave  botli  M  lirplf 
helped  in  Iha  dBtailHil  wurldng-oat  ai  nihJBCta  Uat  he  bcoughl  before  jou. 

Mr.  Peach,  in  reply,  said; — Mr.  PrBBident, — 

Thu  honour  which  the  Conndl  of  the  Geolomoal  Soeiety  Iuitb  coDferred  njos  m 
ia  hiRhly  priitd  by  me,  became  it  was  bj  the  ndrice  of  Sir  Roderick  MnrehiKm  A»l 
my  thouahta  were  lurned  to  Geology  »t  a  carfer  in  life.  By  means  of  hia  g«iiertiilj 
1  wa*  ablp  to  avail  mjiolf  of  the  seien^c  training  aflnrded  by  the  Royal  Suhwl  'n 
Miaea,  and  through  hii  naminatian   I  rsceived  an  appointment  on  toe  Oeolugial 

n,  Mr.  Pri 
awarded' m?  the  Mur 

anylhinK  could  enhance  the  pleasnre  of   thii    Award,  it   is  the    reoeiviog  i< 
the  handi  of  one  colleague  and  the  aharing  of  it  with  another. 

Mr.  Rome  hIbd  replied,  as  follows: — Mr.  President, — 

It  ia  a  lource  of  ^treat  gratification  to  me  that  I  hare  been  deemed  worthy  by  ^ 
Council  of  Ihi^  Buciety  to  lereive  the  Hurchiaon  Medal  jointly  with  myoldfneii<iiu 
callnague.  Mr.  Peach.  For  he  gave  me  my  early  training  in  Seld-work.  aad  to  liii 
range  of  knowledg^e  and  ample  eiperienoe  I  hate  owed  much  duiing  my  Snirq 

It  ia  likewiae  a  tpecial  pleaaara  to  be  linked  with  the  great  binnder  of  tiiia  Uadll. 
whose  name  is  ao  closely  usaocialed   with  the  history  of   Scottish  Geology.    White 

Ereeerring  a  feeling  of  loytdCv  to  our  former  z\\\vt  and  bis  ^sacceosors  in  office,  ** 
are  at  Uio  eama  time  tried  to  eieruise  independence  of  judgraent  in  dealing  »** 
Brottiah  geological  qqeations.  ]n  dmng  so,  we  have  realired,  pprhapa  mon  *i»iJ[f 
than  DtherB.  the  permanent  lalue  and  brillixnt  powei  of  Profeasor  Lupvorlb' 
rteearches  in  Seotland.  whose  reeeptioa  at  thia  aunivenary  of  the  higheat  hi  ~ 
whii'h  the  Council  can  bestow  U  a  great  pleasure  to  us.  Begardiog  the  Oeolo 
thr  North- Wealeru  Hiirhlanda,  we  feel  that  our  oolleaguea  who  hate '  ""  ~ 
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^170  conferred  upon  him.     Hie  long  life  hae  been  enthiuiestically  devoted  to 

^^o^iod  parraite.    Before  be  I'oinea  the  Oeologieal  Surrey,  the  scanty  intenrali 

«>f  leunre  which  he  could  anatco  from  the  daily  toil  of  his  aTocation  were  given 

W3p  to  the  search  for  fossils  among  the  Carboniferous  and  Pleuitocene  deposits  around 

Cflssgow.    When  he  became  Foksil-Cullector  to  the  Survey  he  was  enabled  to  pursne 

ss  his  regular  and  ordinary  employment  what  had  before  Men  the  occupation  of  his 

"Ynibt  hours  of  recreation.    And  now,  having  passed  the  age-limit  of  the  Civil 

Service,  and  havine  retired  on  a  small  pension,  he  continues  to  work  on  in  his  old 

way,  and  appears  cuily  still  in  his  accustomed  place  in  the  Survey  Office,  busy  with 

the  search  lor  micro-organiAms  among  the  silt  and  peat  which  he  gathers  from  some 

o<  the  floors  of  vanished  Arctic  lakes  around  Edinburgh.     The  stores  of  knowledge 

which  he  has  slowly  amassed  have  always  been  at  the  disposal  of  others  who  could 

Bitke  good  use  of  them.     That  his  quiet,  unobtrusive  lalK)urs  should  have  attracted 

the  notice  and  received  the  approbation  of  the  Geological  Society  has  been  to  him 

•  amroe  of  deep  gratification.     As  long  «s  life  and  strength  remain,  he  will  continue 

the  vork  which  has  been  the  chief  pleasure  and  solace  of  his  career. 

The  President  then  preBented  the  Ljell  Medal   to  Lieut- Qen. 

€.  A.   McMahon,   F.R.S.,   addressing   him    as    follows :— Gen enil 

UcMahoD, — 

Besides  your  petrological  work  in  India  you  succeeded,  by  work  in  the  field  as  well 
^  with  the  microscope,  in  tracing  out  the  relations  of  the  gneissose  granite  or  central 
pfnm  of  tha  Western  Himalayas,  and  in  proving  its  intrusive  charactf^r  as  well  as 
^  Tertiary  age.  Yon  thereby  threw  much  light  on  the  theory  of  the  origin  of  that 
ff^X  range,  to  a  knowledge  of  the  GlacuU  geology  of  which  you  have  also 
<^tnbuted. 

lletuming  to  this  country,  you  have  given  our  Society  several  papers,  chiefly  on 
the  rocks  of  Cornwall  and  of  Devon.  In  these  you'  have  contf'nded  that  the 
*^>^ntine  of  the  Lizard  district  is  intrusive,  that  the  banded  structure  of  the 
^^t^mpuiyiiig  gabbros  is  due  to  fluxional  movements,  and  that  the  granite  of 
^artmoor'  is  an  intrusive  igneous  rock  of  the  usual  character.  These  pjipers  and 
^'^ou^  communications  to  the  Geological  Maoazinb  show  that,  besides  being 
f|  skilled  observer,  you  have  the  vahiuble  adjunct  of  critical  ability,  combined.  I  need 
*^^rdly  say,  with  idl  courtesy.  KiLdred  Societies,  too,  have  had  the  benefit  of  your 
^ork.  in  the  microchemical  examination  of  minerals  among  other  things.  Nor  has 
^uiir  Indian  experience  remained  unused. 

.  Labouring  under  the  disadvantage  of  taking  to  the  study  of  Geology  comparatively 
^^t«  in  life,  you  have  attacked  it  with  the  energy  of  a  British  soldier,  and  have  fought 
Tour  way  into  the  foremost  ranks  of  our  petrolo'gists. 

Lieut.-Qen.  McMabon,  in  reply,  said  : — Mr.  President, — 

I  feel  deeply  the  honour  conferre<l  upon  me  by  the  Council  of  the  Geological 
Society  in  awarding  to  me  the  Lyell  Me<lal,  as  a  recognition  of  my  humble  efforts  to 
tdvance  the  cause  of  Geological  Science.  The  pleasure  which  this  has  griven  me 
is  greatly  enhanced  by  the  kind  and  flattering  way  in  which  you  have  spoken  of 
my  work,  and  by  the  sympathy  accorded  to  me  on  this  occasion  by  the  Fellows  of  the 
fiociety. 

It  is  veij  gratifying  for  an  amateur  to  have  his  work  stamped  with  the  hall-mark 
by  siK-cialists  who  have  made  Geology  the  study  of  their  lives.  I  have  always 
received  help  and  encouragement  from  professional  geologists,  and  had  it  nut  been  tor 
the  j^nerouB  aid  which  they  have  invariably  been  ready  to  afford,  I  should  not  this 
day  nave  been  a  recipient  of  the  Lyell  Medal. 

In  handing  to  Mr.  Frederick  Chapman,  A.L.S.,  F.R.M.S.,  a  moiety 
of  the  balance  of  the  proceeds  of  the  Lyell  Geological  Fund,  the 
President  addressed  him  in  the  following  words  : — Mr.  Chapman, — 

Tou  have  been  an  enthusiastic  worker  with  the  microscope  for  many  years,  and 
half  of  the  balance  of  the  Lyell  Fund  has  bien  awarded  to  you  as  a  mark  of  our 
refrard  for  what  you  have  done  for  the  fossil  Foraminitera  and  other  Microzoa,  much 
of  vour  work  being  published  by  the  Royal  Microscopical  Society. 

Vour  earlier  papers,  written  m  conjunction  with  Mr.  Sherbom,  wore  based  on  the 
London  Clay  of  onr  iq.mediate  neighbourhood,  and  then  on  that  of  Sheppey. 
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Ton  liave  also  dealt  with  the  Foraminifera  of  the  Gaolt,  writing  a  tet  of 
papers  specially  on  the  Gault  of  Folkestone  (1891-98).  The  microscopie  fa 
of  the  Pnosphatic  Chalk,  of  the  marl  and  silts  of  Barry  Docks,  and  of  BarhadoMv 
deposits  have  been  described  by  you  in  our  Journal,  and  you  hare  also  giTen  us  a^. 
elaborate  paper  on  the  Bargate  Beds  and  their  Microscopic  Contents  (1894).  Rlueti»  Ji 
Foraminirora  you  have  described  in  the  Annals  and  Magazine  of  Natural  Historrsa 
Pleistocene  Ostracoda  and  Jurassic  Microzoa  in  the  Proceeding^  of  the  Geologiitah 
Association,  nor  have  you  neglected  recent  Foraminifera. 

That  you  should  have  so  well  used  the  opportunities  which  tou  hare  had  whir, 
serving  under  Professor  Judd  is  a  source  of  satisfaction  to  us,  and  we  hope  that 
award  may  be  an  encouragement  to  you  in  further  researches. 

Mr.  Chapman,  in  reply,  said : — Mr.  President, — 

I  desire  to  express  my  sincere  thanks  to  the  Council  of  this  Society  for  selecting 
as  one  of  the  recipients  of  the  Lyell  Award,  and  to  you,  Sir,  for  the  rery  enconragi] 
words  with  which  you  have  honoured  me.    However  little  my  work  in  the  past  m 
have  merited  this  distinction,  I  trust  that,  with  further  opportunities,  my  lal 
endeavours  in  Micropalasontology  and  other  branches  of  microscopical  work  will 
some  degree  justify  this  selection.     I  cannot  let  this  occasion  pass,  without  sayk 


forget  the  invaluable  advantages 
ship  of  those  engaged  in  the  same  line  of  research,  and  especially  are  my  obligati  -^^ 
due  to  Professor  T.  Rupert  Jones  and  Mr.  C.  Davies  Sheroom. 

The  President  then  handed  the  other  moiety  of  the  balanoe  c 
the  proceeds  of  the  Lyell  Qeologioal  Fund  to  Mr.  John  Wi^-^vd 
F.G.S.,  addressing  him  as  follows : — Mr.  Ward, — 

One-half  of  the  Balance  of  the  Lyell  Fund  has  been  awarded  to  too,  in  recogmrCaoa 
of  your  long  services  to  the  Greology  of  your  district.    You  have  aevoted  man]r  y^o^n 
to  the  study  of  the  Oeology  of  North  Staffordshire,  making  a  large  collectioa.    of 
fossils,  especially  Yertebrato,  from  the  Coal-measures,  including  many  new  form 
and  thus  aiding,  with  material,  the  researches  of  various  palaoontologists,  incluciuv 
Egerton,  Huxley,  and  Traquair. 

For  nearly  40  years  you  have  contributed  valuable  papers  to  local  societies  and  to 
mining  institutes,  among  which  is  a  detailed  essay  on  the  Geological  Features  of  the 
North  Staffordshire  Coalfield  and  the  record  of  a  rich  marine  fauna  in  certain  horizon^ 
of  Coal-measures.  Your  detailed  and  accurate  knowledge  of  the  district  has  always 
been  freely  placed  at  the  service  of  other  observers. 

Mr.  Ward,  in  reply,  said  : — Mr.  President, — 

It  is  difficult  for  me  adeouately  to  express  my  appreciation  of  the  high  honour 
conferred  by  the  Council  of  tne  Geological  Society  in  awarding  to  me  a  moietv  of  the 
balance  of  the  Lyell  Fund;  and  to  yourself,  ^ir,  my  best  thanks  are  due  for 
the  complimentary  terms  with  which  you  have  supplemented  it. 

Forty  years  and  upwards  have  now  passed  away  since  1  was  first  led  by  the 
inspiring  influence  of  on  old  and  much  revered  friend,  the  late  Dr.  Garner,  author  of 
the  "  Natural  Uistory  of  the  County  of  Stafford,*'  to  devote  my  leisure  hours  to  the 
investigation  of  the  fossil  fauna  and  flora  of  the  North  Staffordshire  Coalfield. 

It  hus  been  my  good  fortune  to  labour  in  a  field  which,  although  local,  is  one  that 
affords  abundant  facilities  for  research  in  Carboniferous  Palieontology,  and  to  have 
bi>en  led  to  the  investi^tion  of  a  branch  of  our  science  which  had  previously  been 
greatly  neglected.  My  attention  has  principally  been  directed  to  one  special  line  of 
research — the  fossil  Vertebrata,  of  which  class  I  have  collected  between  3,000  and 
4,000  specimens  of  fossil  fishes  and  reptilian  remains.  Of  the  former,  about  40 
genera  and  species  are  new  to  science,  in  addition  to  many  rare  and  unique  examples. 
Within  the  past  few  years,  the  principal  portion  of  my  collection  has  been  added  to 
the  National  Collections  in  Cromwell  Koad,  whilst  another  portion  enriches  the 
geolojrieal  collection  in  the  Edinburgh  Mnseum. 

I  avail  myself  of  the  present  opportunity  to  acknowledge  my  gratitude  to  the  many 
eminent  pafueontologists  to  whose  generous  assistance  and  encouragement  I  owe  so 
much  of  uiy  success.     To  Dr.  Traquair  my  thanks  are  specially  due  for  the  valuablo 
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^  and  friendlj  aid  accorded  to  me  dmiiig  the  past  eighteen  to  twenty  years, 

.^^ut  only  has  he  aaauted  in  naming  speeimena,  but  ne  has  contributed  to'fioieuce 
wl  nomber  of  pipon  ^nd  separate  monographs  deToted  to  the  elucidation  of  the 
actroctore  and  affinities  of  new  and  rare  genera  and  species  of  fossil  iishes  from  my 
^»>lIection. 

I  shall  look  vsptm  the  award  not  only  as  bearing  the  stamp  of  approval  and  generous 

x-ec(>gnition  of  the  Council  of  the  Society  for  my  post  services  to  Pala)outological 

Science,  but  also  as  an  additional  incentive  to  me  to  continue  with  renewed  energy 

"Ahoae  researches  the  pursuit  of  which  has  been  to  me  a  labour  of  love  for  so  muny 

3«ar8.    It  will  be  not  only  my  aim,  but  my  highest  ambition,  in  the  time  that  yet 

'veinains  to  me,  to  contribute  to  our  common  science  results  that  will  be  of  greater 

flcieotific  value  than  anything  I  have  hitherto  been  able  to  offer,  and  to  render  myself 

laore  worthy  of  the  distinction  which  has  been  conferred  upon  me. 

The  PreBident  in  handing  the  Bigsby  Medal  (awarded  to  ProfeRKor 
T.  W.  Edgeworth  David,  B.A.,  F.G.S.)  to  Professor  J.  W.  Jiuld, 
C.B.,  LL.D.,  F.R.S.,  for  transmission  to  the  recipient,  addressed  liiin 
in  the  following  words : — Professor  Judd, — 

As,  after  studying  under  Sir  Joseph  Prestwich  at  Oxford,  Professor  David  had  the 
adriatage  of  attending  your  courses  at  the  Royal  College  of  Science,  it  is  fitting  that 
yoQ  should  receive  the  bigsby  Medal  for  him. 

After  having  engaged  in  an  investigation  of  the  Glacial  phenomena  of  his  native 

^''■trict,  Souw  Wales,  the  results  of  which  were  published  in  our  Journal  and 

Imprinted  by  the  Cardiff  Naturalists'  Society.  Professor  David  was  appointed  to  the 

^^logical  Survey  of  New  South  Wales,  and  during  his  nine  years*  Hervice  thereon 

'^^y  reports  ana  maps,  as  well  as  independent  papers  on  various  branches  ol  our 

'^^leaoe,  show  his  devotion  to  his  work. 

In  1891,  havinff  been  made  Professor  of  Oeology  in  the  University  of  Sydney,  he 
^'^^^ew  himself  with  energy  into  the  work  of  teaching.  • 

Among  the  series  of  scientific  communications  from  his  pen,  two  must  be  specially 
'J^tHembered  by  many  of  us,  namely,  his  paper  on  Evidences  of  Glacial  Action  in 
I  ^^ralia  in  Permo- Carboniferous  Time,  ably  delivered  by  himself  in  this  room  in 
^^6,  and  generally  thought  to  be  the  most  convincing  on  the  subjiK^t,  and  lately  the 
^i^ially  important  paper  on  the  Radiolarian  Cherts  of  New  South  Wales,  read,  in  his 
*^nce,  by  Dr.  G.  J.  Hinde. 

.  Besidios  so  much  good  work  in  his  own  Colony,  he  has  greatly  assisted  in  the 
^Yestigation  of  the  ('oral -atoll  at  Funafuti,  and  it  is  to  his  energy  and  perseverance 
^uat  the  success  of  this  undertaking  is  largely  due. 

The  Council  of  the  Geological  Society  do  not  forget  our  Colonial  brethren,  but 
delight  to  honour  those  who,  like  Professor  David,  do  good  work  in  our  far-ofif  lands. 

Professor  Judd,  in  reply,  said  : — Mr.  President, — 

On  behalf  of  my  friend.  Professor  Edgeworth  David,  I  thank  you  for  the  kindly 
ienns  in  which  you  have  spoken  of  his  work.     Part  of  that  work  is  known  to  all 
Fellows  of  this  Society,  by  the  papers  which  Professor  David  has  contributed  to  our 
Journal.     But  another,  and  very  large  part,  is  the  record  of  geological  studies  carried 
on  during  the  last  twenty  years  in  his  adopted  countrjr — the  great  Colony  of  New 
South  Wales.    There  is,  however,  one  labour  of  his,  which  I  believe  will  prove  to  be 
of  especial  importance  in  advancing  Geological  Science.     I  refer  to  what  he  has  done 
in  connection  with  the  boring  of  a  Coral-atoU  in  the  Pacific  Ocean.    Three  expeditious 
in  successive  years  have  resulted  in  the  carrying  down  of  the  boring  at  Funafuti  to 
the  depth  of  1,114  feet.    The  leader  of  the  nrst  expedition — Profesoor  SoUas — assures 
me  that  he  owed  much  to  the  aid  and  good-will  of  Professor  David  in  starting  this 
important  enterprise.     In  the  second  expedition.  Professor  David,  with  his  accom- 
plished and  energetic  wife,  went  out  to  Funafuti,  and  they  were  largely  instrumental 
m  overcoming  the  serious  difficulties  of  the  work.     The  third  expedition,  in  which 
the  triumph  of  the  investigation  was  finally  assured,  would  probably  never  have  been 
set  on  foot  but  for  his  indomitable  perseverance,  and  for  the  tact  and  the  influence 
which  Professor  David  brought  to  bear  on  all  who  could  aid  in  this  important  under- 
taking.    The  last  portion  of  the  core  obtained  by  the  Funafuti  boring  will  probably 
be  in  this  country  within  a  few  days,  and,  from  what  I  have  seen  of  the  uther  parts 
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of  the  core,  I  am  convinoed  that  itB  study  bj  loologiflfet,  botanuta,  and  ebemiiti  w=^ 
result  in  new  information  bein^  obtained  concerning  the  origin  of  eond-i 
information  which  will  prove  of  inestimable  Talne  to  the  geologist. 

The  President  then  proceeded  to  read  bis  Anniversary  Addi 
in  whioh  he  first  gave  Obituary  Notices  of  several  Foreign  Hember~-« 
Foreign  Correspondents,  and  Fellows  deceased  since  the  last 
Meeting,  including  W.  Dames  (elected  F.M.  in  1895),  C.  W. 
Gumbel  (F.M.  in  1877),  James  Hall  (F.M.  in  1848),  J.  Maroov 
(F.M.  in  1879).  Fr.  von  Sandberger  (F.M.  in  1876).  A.  Briart  (P.CE 
in  1884).  W.  G.  Atherstone  (elected  a  Fellow  in  1864),  M.  Attwooi/ 
(elected  in  1876).  D.  Bell  (elected  in  1892).  W.  Colchester  (eleotecf 
in  1857).  Sir  J.  Fowler  (elected  in  1845).  W.  C.  Lucy  (elected  in 
1861).  H.  A.  Nicholson  (elected  in  1867),  T.  Sopwith  (elected  ia 
1872).  E.  Wilson  (elected  in  1872),  and  others. 

He  then  drew  attention  to  various  subjects  in  which  Geology  bai 
a  practical  application.  Firstly,  as  regards  water-supply,  the  geology 
of  the  gathering-ground  is  always  of  importance.  In  selecting  sites 
for  reservoir-dams  certain  sorts  of  ground  have  generally  to  be 
avoided,  as  of  unstable  character,  whether  from  great  disturbances, 
from  the  occurrence  of  irregular  masses  of  Drift,  or  from  landslips. 
I'lie  presence  of  pervious  beds  in  a  reservoir  may  also  lead  to  tToabls. 
Illustrations  of  these  matters  are  given  by  some  of  the  waterworks 
for  Manchester  and  for  Sheffield. 

In  getting  water  by  means  of  wells,  geological  considerations  are 
of  great  importance  in  fixing  sites.  While  we  can  see  springs  and 
streams,  we  have  to  infer  much  in  dealing  with  underground  water. 
For  large  supplies  we  must  go  to  permeable  formations  of  fair  thick- 
ness and  of  broad  outcrop,  and  should  select  sites  where  a  large 
area  of  gathering-ground  can  be  brought  under  contribution.  The 
flow  of  water  underground  has  to  be  studied,  and  the  character  of 
the  water-bearing  rocks  noticed,  although  there  is  often  much  differ- 
ence in  this  latter  between  beds  at  or  near  the  surface  and  the  same 
beds  at  great  depths  underground. 

Waters,  too.  vary  with  their  depth,  those  found  near  the  surface 
often  differing  greatly  in  mineral  contents  from  those  in  the  same 
beds  at  great  depths :  as.  for  instance,  the  waters  of  the  deep  wells 
in  London  compared  with  those  of  wells  in  the  bare  chalk. 

In  selecting  sites  for  sewage-farms  and  for  cemeteries.  G^logy  is 
ap^ain  of  importance,  and  it  is  especially  needful  to  prevent  the 
contamination  of  water-bearing  formations.  A  recent  research  of 
Dr.  Klein  is  of  great  interest,  as  showing  the  strong  filtering-power 
of  fine  compact  sand  in  stopping  the  passage  of  microbes,  whether 
in  water  or  in  the  dead  bodies  of  guinea-pigs. 

Illustrations  of  the  evil  results  of  neglect  in  the  protection  of 
water-supplies  from  contamination  are  given  by  the  outbreak 
of  fevers  at  Worthing,  with  a  well-supply,  and  at  Maidstone,  with 
a  spring-supply. 

For  the  proper  consideration  of  all  these  questions,  it  is  needful 
to  have,  firstly,  a  map  on  which  the  divisions  of  the  Drift  are  shown; 
and,  secondly,  a  geological  map  on  a  large  scale.    Beferenoe  was  made 
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work  of  the  Gkologioal  Sarrey  in  these  and  in  other  praotioal 
lont. 

Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  declared 
leefted  for  the  ensuing  jeai:— Council:  W.  T.  Blaiiford,  LL.D.,  F.R.S. ; 
lor  T.  G.  Bonnej,  D.Sc,  LL.D.,  F.R.S. ;  Sir  John  Evana,  K.C.B.,  D.C.L., 
,  F.R.S. ;  £.  J.  Garwood,  Esq.,  M.A.  ;  J.  W.  Gregory,  D.Sc.  ;  Alfred 
r,  Esq.,  M.A. ;  F.  W.  Harmer,  £^. ;  R.  S.  Henries,  Esq.,  M.A. ;  Henry 
M.D.,  F.R.S.  ;  Rer.  Edwin  Hill,  M.A. ;  G.  J.  Hinde,  Ph.D.,  F.R.S. ; 
.  Hodleston,  Esq.,  M.A.,  F.R.S.,  F.L.S.  ;  Professor  J.  W.  Judd,  C.B., 
,  F.R.S. ;  H.  W.  Monckton,  Esq.,  F.L.S. ;  F.  W.  Rudler,  Esq. ;  Professor 
Seelej,  F.R.S.,  F.L.S.;  A.  0.  Seward,  Esq.,  M.A.,  F.R.S. ;  Professor 
Bellas,  M.A.,  D.Sc.,  LL.D.,  F.R.S. ;  A.  Strahan,  Esq.,  M.A. ;  Professor 
.  Watts,  M.A. ;  W.  Whitaker,  Esq.,  B.A.,  F.R.S. ;  Rer.  H.  H.  Winwood, 
;  A.  S.  Woodward,  Esq.,  F.L.S. 

iCMEB.—  J^-esident:  W.  Whitaker,  Esq.,  B.A.,  F.R.S.  Vice  -  FrendenU : 
Hicks,  M.D.,  F.R.S. ;  Profensor  J.  W.  Judd.  C.B.,  LL.D.,  F.R.S. ; 
»r  W.  J.  Sollas,  M.A.,  D.Sc.,  LL.D.,  F.R.S. ;  Rer.  H.  H.  Winwood,  M.A. 
wm :  R.  S.  Henries,  Esq.,  M.A. ;  Professor  W.  W.  Watts,  M.A.  Foreign 
wyi  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  F.L.S.  Trtaturer: 
Blanford,  LL.D.,  F.R.S. 


coi^REisi'oifriDEsnsroE. 

EGYPTIAN    CRETACEOUS    SHELLS. 

I, — Dr.  Blanokenhorn,  of  the  Geological  Survey  of  Egypt,  has 
tly  favoured  me  with  some  detailed  evidence,  which  goes  to 
I  that  a  part  of  the  Cretaceous  mollusca  from  Egypt  described 
» in  the  Geological  Magazine  for  1898,  p.  394,  as  having  been 
ited  in  districts  eastwards  of  the  Nile  and  Nile  Valley,  are  of 
tfmian  age,  and  not  Turonian.  This  renders  it  desirable  to 
d  the  following  species  as  Campanian  :  Ostrea  Lyonsi,  0.  Villet, 
cardia  biaeriata,  Trigonoarea  muUidentata,  and  Arclica  JBarrotBi. 
»lanckenhom  further  calls  attention  to  the  Cretaceous  rocks  of 
Roasch,  which  he  recognizes  as  belonging  to  the  two  horizons 
ronian  and  Santonian,  and  not  to  the  former  only,  as  indicated 
r  paper.  In  support  of  this  age  I  alluded  to  the  discoveries  of 
ules  Welsch  among  similar  deposits  in  Algeria ;  and  without 
ting  this  information  I  feel  justified,  in  the  absence  of  more 
rtant  palsdontological  evidence  from  this  area  of  Egypt,  in 
lering  these  beds  as  Turonian.  B.  Bullsn  Newton. 


SUB-OCEANIC  PHYSICAL  FEATURES. 

I, — I  must  reply  to  Professor  Hull's  very  kind  letter  that  I  do 
,  that  it  may  have  been  in  consequence  of  their  original  union 
ro  sides  of  a  rent,  that  the  physical  features  on  the  opposite 
of  the  Atlantic  possess  a  remarkable  similarity.  I  wish  to 
re  of  those  who  are  studying  the  submarine  deolivities,  whether 
t  this  similarity  is  more  marked  in  them  than  in  the  coastlines, 
was  expressly  for  the  purpose  of  eliciting  opinions  upon  this 
ion  that  I  wrote.  Professor  Hull  gives  his,  that  such  a  rent 
X)88ible.    I  should  imagine  that  he  has  not  fully  considered  my 
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"  Speculation  nn  the  Origin  of  Ooean  Buins,"  or  hs  wooM  hm 
given  liiti  reasons  for  wiying  »o.  Tlie  matter  appesn  to  me  to  tut 
npon  the  question,  nhether  there  wu  a  hardened  ornrt  Dpon  Ihi 
earth  at  the  time  of  the  genesis  of  the  moon,  or  whether  then  «M 
not.  If  there  was,  I  do  not  see  any  ini possibility  in  my  explutfin 
oF  the  origin  of  the  ooeans ;  and  it  agrees  with  several  remark^ 
faots,  such  as  the  greater  density  of  the  ornst  beneath  the  ooeaai, 
and  this  very  point  of  the  apparent  rent  between  the  Eaatera  ni 
Western  Hemispheres.  It  is  obvious  that,  if  my  speonlatioii  ii 
oorreot,  we  need  go  no  farther  to  aooount  for  the  origioatioD  of  thaa 
great  declivities. 

I  wonld  respectfully  ask  geologists  interested  in  this  nbisat  to 
refer  to  my  article  in  Saiure.  vol.  xxv  (1882).  p.243,  or  to  ahap.in 
of  my  "  Phyaica  of  the  Earth's  Crust,"  second  edition,  that  they  mj 
see  what  my  speonlatioa  really  is  before  rejecting  iL 

Hahlton,  Cambkiimb. 

JfirriT,  1309. 


:    IS  IT 


[The  Editor  has  received  the  following  note  from  Bear'Adminl 
Sir  William  Wharton,  K.C.B.,  F.R.S.,  the  Hydrographer  of  ths 
Admiralty ;  and  as  it  bears  directly  upon  the  nature  uf  the  so-call«d 
'escarpment'  of  Professor  Hull,  referred  to  by  Mr.  A.  J.  3a\iM- 

"  ■      ■  >  recent  lettera.  and  also  to  Mr.  HudleBton'a  importunt 
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On  examining  the  soundings  the  slope  will  be  foaiid  to  vary 
1  6  feet  to  19  feet  dip  in  100  feet  horizontal,  a  dip  that  cannot 
lihly  injure  or  strain  the  cable." 

nth  regard  to  the  remaining  portion  of  the  slope  to  the  south- 
d  into  the  Bay  of  Biscay,  it  has  never  been  examined  with  a  view 
soertaining  the  angle.  Though  in  time  a  great  many  soundings 
e  been  accumulated,  as  the  charts  will  show,  they  are  the  results 
oany  ships,  and  you  will  understand  that,  as  a  consequence  of  the 
ertainty  of  finding  the  precise  position  of  a  ship  at  sea,  when  the 
ilts  of  two  or  more  ships  are  compared,  there  may  be  considerable 
>».  But  from  what  we  have,  the  result  is  the  same,  i.e.  a  gentle 
)e  varying  from  2^  to  10^  from  the  horizontal, 
send  you  some  slopes  drawn  from  what  information  we  possess, 
ioh  include  the  edge  of  the  deep  water  from  46^  N.  lat.  to  54^  N.  lat, 
1  which  speak  for  themselves.  You  will  see  that  the  angles  are 
[  lay.  1  may  further  mention  that  1  know  of  no  steep  submarine 
cipioes  in  the  oceans  in  any  part  of  the  world,  except  those  round 
al  islands,  and  perhaps  in  a  few  cases  round  the  edges  of 
emerged  banks,  doubtless  of  volcanic  origin. 

W.  J.  L.  Wharton. 


OBITXJJ^I^"Z"- 


WILHELM    BARNIM    DAMES. 

Born  June  9,  1843.  Died  December  22,  1898. 

h  the  death  of  Professor  Dames,  Germany  loses  one  of  its 
?mo8t  palseontologists,  and  the  University  of  Berlin  one  of  its 
8t  distinguished  Professors.  Born  at  Stolp,  in  Pomerania,  in  1843, 
studied  at  Breslau  under  Ferdinand  Roemer,  and  also  at  Berlin 
ler  Bey  rich.     He  graduated  at  Breslau  in  1868,  his  thesis  on 

Devonian  rocks  of  Freiburg,  Lower  Silesia,  being  published 
the  German  Geological  Society  in  the  same  year.  The  troublous 
68  of  the  Franco- German  War  then  interrupted  his  researches, 
I  in  September,  1870,  he  was  wounded  near  Chevilly.  After 
)very  he  went  to  Berlin,  in  1871,  as  assistant  in  the  Geological 
Beam  of  the  University,  and  became  Gustos  in  1875.  He  was 
ointed  Professor  Extraordinarius  in  the  University  in  1878,  and 
I  promoted  to  an  ordinary  professorship,  on  the  death  of  Beyrich, 
1891.  He  was  elected  a  member  of  the  Prussian  Academy 
Sciences  in  1892. 

faring  the  first  decade  of  his  scientific  researches  Professor 
nes  was  occupied  chiefly  with  fossil  Invertebrata,  and  his  most 
ortant   contribution  was  his  description  of  the  Echinoidea  of 

Jurassic  of  N.W.  Genpany,  published  by  the  German  Geo- 
cal  Society  in  1872.  In  1881  he  began  to  take  special  interest 
he  Vertebrata,  publishing  a  small  note  on  some  Selachian  teeth 
omboduB  Binckhorsti)  from  the  Maastricht  Chalk.  At  this  time 
vras  entrusted  with  a  memoir  on  the  famous  second  specimen 
Archaopteryx,  which  was  published,  in  1884,  in  vol.  ii  of  the 
dsBontologische  Abhandlungen  " — a  valuable  serial  founded  by 
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Professora  Dame*  und  Eayser,  on  the  plan  of  the  older  " 
graphioa,"  in  1663.  The  memoir  on  ArehaopUrtfx,  wit 
Huppiement  in  1897  (Sitsb.  k.  preaas.  Akftd.  Wias.),  k 
one  uf  the  olaasioa  of  Palrauntoloj^y.  After  a  visit 
ProfesBor  Dames  desoribad  some  remains  nf  Hymnnrel 
and  a  rodent  from  Pikermi  (16S3)  ;  while  in  1668  fa 
temporarily  to  the  study  of  InTertehnita,  piiblisliiog  e 
CniHtacea  from  the  Cretaoeoua  of  Mount  Lebanon, 
important  memoirs  of  his  later  years  were  those  on  t 
Finhea  of  the  Muschelkalk  (18B9),  on  Clielonia  from 
German  Tertiaries  (1894),  on  Zeuglodont  remains  fr 
(1894),  and  on  PlttiouMTtti  from  the  Liaa  of  Boutheri 
(1893).  Of  these,  the  first  three  were  puhliehed  in  the  ' 
logische  Alihnnilliingen,"  while  the  fourth  waa  a  men 
PniBBian  Academy.  At  the  time  of  his  death  the  Prt 
in  prepnration  a  deaoription  of  the  Nencomian  finhes  of  I 
Hanover,  and  a  paper  on  SUreottemnm  from  Brazil.  ] 
onwards  he  had  been  joint-eilitor  of  the  "  Neues  Jal 
Mineralogie." 

Profesaor  Dames  travelled  extensively  in  Europe  am: 
known  in  this  country,  where  he  was  lionoiiied  by 
Foreign  Correspondent  to  the  Geological  Society  of 
1891,  and  na  Porei^  Member  of  the  same  Society  in 
married  a  Rusnian  Isiiy,  Baronens  Malhilde  von  Toll,  o 
in  Eathonia.  His  last  journey  wue  one  in  Ihe  vain  searol 
through  Norway,  during  the  summer  vacation  of  V 
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I. — KoTB  ON  A  Nkw  Austkalian  Ptkktootus. 
B'PfofnwT  Sir  Fredcricr  McCot,  E.C.M.O.,  M.A.,  D.Se.  (Cantab),  P.R.3. 

I  AM  grently  iodebted  to  Mr.  F,  Spry  for  bringing  to  my  knowlei1j>e 
•ome  extremely  iaterestini;  tipper  Silurian  fossils  oollectei!  Iiy 
nim  with  great  care  and  diligenoe  from  the  tunnelB  excavated 
'hroQgh  the  rocks  underlying  Melbourne  during  the  progress  of 
Uie  nen  great  drainnge  works  for  the  city,  carried  out  by  ibe 
Metropolitan  Board  of  Workg.  Tlia  age  of  the  strata  containing 
tbeie  foHsils  was  originally  determined  by  me  for  Selwyn's  Goologioal 
Survey  Maps  of  Victoria. 

Pour  of  these  fossils  belong  to  genera  hitherto  unknown  in  the 
*  ictorinn  rocks,  and  belong  to  groups  of  special  interest.  I  subjoin 
preliminary  descriptions  of  one  of  these,  that  credit  may  be  aeoiired 
^  Mr.  Spry  for  bis  scientific  zeal  in  doing  such  good  service  to 
while  carrying  out  his  profeesional  duties. 


Flerygolnt  AtulraUs  (McCoy).  Upper  Silurian  :  Melbourne. 
This  is  wpresented  by  about  half  of  a  somatic  segment  of  a  eppcies 
Qost  nearly  resembling  the  Plrrijgotn*  bilobiu  (Sailer)  of  the  Ijlnck 
laggy  ujijiermost  Silurian  rock  of  LeHni.ihugo,  which  (he  matrix  of 
bis  ftjjeciiiien,  from  the  main  sewer  tunnel  in  Uomain  Koad.  Smiih 
faira,  almost  exactly  resembles.     The  anterior  inargjn  »  *\\^\\\.\-3 
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I  to  tlie  front  (as  ubuM).  alightly  thiokened,  and  tbe  antsrinr 
i  bonier  smoolli  and  concave  (preserved  for  about  three  liriei 
in  antero-poBterior  length).  The  dorsal  aurfaoe,  from  tlie  anlarior 
niargiD  to  about  ten  iines  back,  is  covered  with  the  charact«rIslio 
Bcale-like  markinga  of  the  genus,  composed  as  usual  of  senii-OTsI, 
nnrrow,  prominent  ridges,  the  wide  open  part  of  the  curve  direoteJ 
forwards  and  tbe  convexity  backwards,  averaging;  alwut  ten  in 
loti^tudinal  and  about  seven  in  transverse  djreotion  in  six  lines,  and 
rather  more  regularly  equal  thnn  in  P.  biloba$.  The  entire  aDlerii' 
posterior  length  of  Ibe  Sfgment  is  2  inches  5  lines,  the  posterinr 
portion,  of  about  1  inch  9  Unas,  as  usual  in  the  genus,  being  free 
of  scale-like  sculpturing.  The  entire  breadth  of  segment  I  estimsto 
would  have  been  about  6}  inches. 

None  of  the  Merostoniatoiis  Crustacea  have  been  found  before  iu 
this  country,  and  Mr.  Spry  haa  presented  tbe  type-specimen  to  iha 
National  Museum. 


II.  —  On    the    Oocubkbnob    or    Allahitb    in    the    Horhblikdi- 
Gkamte    of    La  IRQ,    Sdtbbrljindshihr. 

Hy  Lieiit.-GeQernl  C.  A.  McMahow,  F.R.S. 

IN  tbe  Ssplember  number  of  tbe  Qeological  Magazime  for  1S9^> 
Mr.  J.  8.  Flett,  B.Sc,  desoribes,  at  p.  388,  the  occurrence  of 
AJlanite  in  the  granite  of  Fell  Hill,  Cree  Town,  Kirkoudbrightaliire, 
<KnA  in  a  biotite  gneiss  in  Sunday,  one  of  the  Orkney  Islands. 

I  have  recently  been  re-examining  a  slice  taken  from  a  sample  "f 
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9  good  pocket  lens.  The  mineral  possesses  considerable  lustre,  and 
I> right  facets  catch  the  light  and  facilitate  its  isolation.  Crystalline 
faces  are  numerous  and  often  suggest  those  shown  at  fig.  i,  p.  522 
of  Dana's  *'  System  of  Mineralogy/'  6th  edition.  The  fracture  of  the 
mineral  is  subconchoidal. 

The  specific  graTity  of  the  Lairg  mineral  is  over  3*32,  and  con- 
sequently it  sinks  readily  in  methylene  iodide.  It  would  be  difficult 
to  ascertain  the  exact  specific  gravity  of  the  Lairg  mineral,  as,  owing 
to  the  microscopic  size  of  the  fragments,  heavy  liquids  of  viscous 
c^haracter — as,  for  instance,  cadmium  borotungstate  above  a  certain 
density — are  of  no  use. 

The  refraction  of  the  mineral  is  also  high,  being  well  over  1*740 
"fcliat  of  methylene  iodide.  On  the  other  hand  its  double  refraction 
S.«  weak,  exhibiting  no  colour  higher  than  a  decidedly  dull  yellow  of 
't.he  1st  order  of  Newton's  scale. 

The  pleochroism  of  the  Lairg  mineral  is  usually  distinct  and 
^Dccasionally  strong,  the  change  of  colour  being  from  a  brown-red, 
«Dr  red- brown,  to  a  brown-yellow.  Sometimes,  but  rarely,  there  is 
^  suspicion  of  green  in  the  brown. 

As  regards  the  optical  character  of  the  crystals  the  Lairg  specimens 

^re  positive.     I  have  been  able  to  observe  the  interference  figure  in 

^^onvergent  polarized  light  in  many  of  the  isolated  fragments,  and 

"Sts  sign  is  uniformly  positive.    Dana,  in  his  **  System  of  Mineralogy," 

^th  edition,  1892,  says  that  allanite  is  optically  negative ;  but  Michel 

^Xevy,  in  his  ''  Les  Mineraux  des  Roches,"  gives  the  sign  as  d=.    The 

IXairg  specimens  therefore  support  Michel  Levy's  view. 

Mr.  J.  J.  Harris  Teall,  F.R.S.,  has  very  kindly  allowed  me  to 
examine  thin  slices  of  another  Scotch  granite,  that  of  Hildesay,  in 
his  private  collection,  in  which  a  precisely  similar  mineral  to  that 
in  the  Lairg  rock  occurs,  which  he  had  previously  suspected  to  be 
allanite.  The  mineral  in  these  two  rocks  are  clearly  identical,  and 
the  description  of  one  would  do  for  the  other.  Extinction  in  one 
of  Mr.  Teall's  crystals  is  nearly  straight,  showing  elongation 
approximately  parallel  to  the  orthopinacoid,  but  in  other  crystals 
it  varies,  being  generally  about  34^.  One  of  the  crystals  shows 
the  zonal  structure  well. 

In  the  Hildesay  granite  the  allanite  is  associated  with  much 
epidote.  but  this  mineral  does  not  appear  to  be  present  in  the 
Lairg  rock.  My  slice  contains  none,  and  I  have  not  observed  any 
among  the  crushed  fragments. 

The  allanite  of  the  Lairg  hornblende-granite  appears  to  be  an 
original  constituent ;  it  is  corroded  by  the  quartz  of  the  groundmass, 
and  it  encloses  numerous  micro-crystals  which  appear  to  represent 
two  mineral  species ;  but  they  are  too  minute  for  exact  determination. 
The  Lairg  mineral  fuses  easily  in  the  flame  of  a  Bunsen  burner, 
but  is  very  slightly  attacked  by  hydrochloric  or  by  nitric  acids. 
AVhen  ground  to  a  fine  powder  it  yields  on  prolonged  heating  to 
aqtM  regia. 

On  all  the  points  noted  above,  the  Lairg  mineral  agrees  with 
allanite;  and  as  I  know  of  no  other  mineral  which,  on  ail  points, 
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fits  the  above  evidenoe,  I  do  not  see  room  for  doubt  regarding  iti 
identification. 

In  the  future,  Tarietiee  of  allanite  will  no  doubt  be  diatingniahed 
from  one  another,  the  Tarietiea  being  dependent  on  the  proportioa 
of  the  rare  metals,  and  also  on  the  proportion  of  manganese  present 
in  them ;  but  the  aoourate  determination  of  them  will  be  no  easj 
matter.  The  collection  of  material,  for  instanoe,  from  the  Lairg  rook, 
is  a  work  of  labour ;  and  when  obtained,  the  mioroscopic  fragments 
are  found  under  high  powers  to  be  stuffed  full  of  endo-minerals* 

III. — Glaoiatbd  Yallbts  in  ths  Cuillins,  Sktb. 

By  Altrbd  Hakkbr,  M.A.,  F.O.S.,  of  H.M.  Geological  Smrej  of  Seotknd. 
(Communicated  by  permiflrion  of  the  Director-General.) 

MANY  geologists  have  recognized  that  valleys,  which  have  once 
been  occupied  by  large  glaciers,  exhibit  peculiarities  which  can 
only  be  ascribed  to  glacial  erosion  modifying  the  earlier  water-worn 
form  of  the  land-surface.  Indeed,  anyone  who  allows  ioe-aotion  to 
be  locally  a  factor  of  importance  in  erosion,  must  expect  that  the 
resulting  topographical  forms  will  differ  in  some  measure  from 
those  proper  to  water-erosion.  Not  only  does  ioe,  in  virtue  of  its 
physical  properties,  obey  different  laws  as  regards  pressnre  and 
flow,  but,  what  is  of  equal  importance,  it  fills  the  whole  Talley 
instead  of  following  certain  narrow  channels.  We  may  hope  that; 
just  as  Gilbert  and  others  have  worked  out  the  principles  of  water- 
erosion,  so  the  much  more  difficult  problem  of  ice-erosion  may 
some  day  be  reduced  to  analysis.  An  attempt  in  this  direotion 
has  been  made  by  McGee  in  a  paper  on  "  Glacial  Canons,"  *  which, 
however,  I  cite  here  rather  for  its  brief  summary  of  the  observed 
characteristics  of  glaciated  valleys. 

The  object  of  tho  present  note  is  merely  to  draw  attention  to 
a  district  in  which  these  characteristics  are  exhibited  in  their  most 
typical  form.  This  is  due  to  two  facts,  firstly,  the  mountain- 
group  of  the  Cuillins  is  wholly  carved  out  from  a  single  rock 
(gabbro),  so  that  all  complication  arising  from  the  juxtaposition  of 
harder  and  softer  materials  is  eliminated.  Secondly,  there  are  none 
of  the  difficulties  which  attach  to  a  district  once  overridden  by 
foreign  ico.  Tlio  glaciation  of  the  Cuillins  was  entirely  local,  and, 
although  the  ice  passed  over  some  of  the  lower  watersheds,  the  flow 
in  the  main  valleys  was  always  in  the  natural  direction.  Further, 
the  topographical  forms  are  nut  only  of  a  simple  order,  but  are  also 
very  clearly  exposed.  In  the  mountain  tract  the  drift  is  never  thick 
enough  to  obscure  the  shape  of  the  ground,  and  the  higher  valleys, 
like  the  mountains  themselves,  show  nothing  but  naked  rock.  Sin 
the  erosion  under  existing  conditions  is  a  negligeable  quantity,  w< 
have  the  forms  of  the  valleys  displayed  practically  as  they  were  le 
by  the  ice. 

The  chief  characteristics  of  the  valleys  in  the  Cuillins  are  sum 
niarily  as  follows.  It  is  important  to  notice  that,  while  some  o 
them  (eg,  rock-basins)  belong  to  glacial  erosion  only,  others  oonsifl 
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in  the  exaggeration  of  feataret  whioh  may  be  found  in  some  degree 
in  non-glaciated  Talleja.  These  are  therefore  not  capable  of  preciee 
fomiQlation  without  some  kind  of  quantitative  expression,  bat  they 
Are  Tery  conspiooons  on  the  ground,  and  oome  oat  clearly  in  profile 
Motions  drawn  to  true  scale. 

(i)  The  valleys  always  tend  in  cross-section  to  the  U  rather  than 
tbeV  form. 

(ii)  This  tendency  is  most  marked  in  the  upper  parts  of  the 
▼alleys  (Pig.  1). 


Fio.  1. — ^Two  tnnsTene  sections  scrois  the  npper  and  lower  portions  of  Coir*  a' 
^hnadaidh  respectiTslj,  ris.,  from  the  summit  of  Sgdrr  Thoilm  to  that  of  Sgiirr  na 
-Btnaehdich,  and  from  the  western  end  of  the  Thuilm  ridge  to  An  Diallaid. 

(iii)  The  head  of  a  valley  is  usually  expanded  into  a  circular 
amphitheatre.  This  is  the  typical  'corrie'  (equivalent  to  'cwm' 
and  'cirque'),  though  this  term  is  currently  applied  to  a  valley  of 
almost  any  form. 

(iv)  In  the  centre  of  such  amphitheatre  there  may  be  a  shallow 
circular  rock-basin  occupied  by  a  mountain-taru. 

(v)  In  one  case  (Coruisk)  there  is  a  deeper  and  more  elongated 
rock-basin  in  the  lower  and  narrower  part  of  the  valley.  Loch 
Coruisk  is  a  little  over  a  mile  in  length,  and  less  than  one-sixth  of 
a  mile  in  width.  The  surface  is  26  feet  above  O.D.  and  the  rocky 
bottom  of  the  stream  at  the  outlet  only  a  few  inches  lower.  The 
greatest  depth  sounded '  is  96  feet,  which  occurs  somewhat  nearer  to 


Fic.  a 


Fio.  2. — Longitudinal  section  down  the  vallej  made  up  of  Lota  and  Harta  Corries, 
beguining  at  Bealach  an  Bhosteir. 

the  head  than  to  the  foot  of  the  lake  and  only  about  80  yards  from 
the  north-east  shore,  from  which  the  hills  rise  steeply  (Fig.  3). 
Rocky  islets  occur  near  the  middle  and  near  the  foot  of  the  lake. 

*  The  soundings  were  taken  by  members  of  the  Scottiflh  Mountaineering'  Club,  and 
are  marked  on  the  reduced  Ordnance  Map  accompanying  >(0.  25  of  tae  S.M..G« 
Journal,  January,  1S98. 
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(vi)  In  longitudinal  profile  the  floor  of  a  valley  often  consists 
of  two  or  three  stretches  of  relatively  gentle  slope  separated  by 
precipitous  drops  (Fig.  2).  These  features  are  not  related  to 
anything  in  the  geological  structure  of  the  ground,  and  the  levels 
are  not  the  same  in  adjeicent  valleys. 

(vii)  A  tributary  valley  debouches  at  a  considerably  higher  level 
than  the  floor  of  the  main  valley,  so  that  it  terminates  in  a  pre- 
cipitous drop.  This  is  true  not  only  of  the  smaller  tributary  valleys 
but  also  of  glens  of  considerable  size  (e.g.  Tairneilear  at  its  junction 
with  Coir'  a'  Mhadaidh).  The  point  sometimes  comes  out  more 
clearly  if  we  regard  the  lines  of  ice-drainage  instead  of  the  present 
watercourses.  Thus  the  stream  from  Garbh-choire,  the  lower  part 
of  which  is  shown  in  Fig.  3,  turns  eastward  to  fall  into  the  sea  in 


Fio.  3. — Section  down  the  lower  part  of  Garbh-choire  and  across  Loch  Coruisk  at 
its  deepest  part. 

Loch  Scavaig,  but  in  one  stage  of  the  glaciation  the  ice-drainage  was 
partly  over  the  low  watershed  into  Coruisk. 

Other  features  might  be  enumerated,  but  they  appear  to  arise 
merely  from  the  co-operation  of  the  several  conditions  implied  in 
the  preceding  paragraphs.  Thus  we  find  circular  amphitheatres 
enclosed  by  steep  slopes  and  isolated  by  precipitous  drops  from  the 
valleys  into  which  they  drain.  Where  such  a  corrie  occurs  at  the 
head  of  an  important  valley  (e.g.  Coir'  a*  Ghrundda),  it  falls  under 
the  heads  (iii)  and  (vi).  Where  it  overlooks  the  side  of  a  main 
valley  (e.g.  Coir*  an  Lochain,  Fig.  4),  it  falls  under  (iii)  and  (vii). 


Fig.  4. — Section  down  Coir'  an  Lochain  (from  the  Bealaeh  from  Coir'  a'  Ghnindda] 
throu;:^h  the  tarn  and  down  to  the  Coruisk  valley. 

In  like  manner  other  scenic  features  of  the  district  are  found  to 
resolve  themselves  into  the  elementary  forms  already  set  forth 
above,  and  these  seem  therefore  to  embody  all  that  is  characteristic 
of  a  glaciated  valley-system  in  its  simplest  development  If  so, 
they  afford  at  the  same  time  the  tests  by  which  any  synthetic  theory 
of  the  mechanics  of  ice-erosion  must  be  tried,  but  such  theory  is.  as 
has  been  remarked,  still  a  desideratum.  McGee's  treatment  of  the 
problem,  referred  to  above,  labours  under  the  drawback  that  it  too 
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often  involves  oonflioting  elemeDts,  the  relative  value  of  whioh  is 
a  matter  of  unoertainty. 

The  fignref  giren  in  iUustration  of  the  above  obserrations  are  profile  sections 

dnwn  Terj  roiuphly  to  true  scale  (two  inches  to  a  mile).    Where  a  section  is  drawn 

Joogitodinally  oown  a  vaUey,  it  is  not  always  taken  alone  a  straight  line,  but  is  made 

to  follow  the  more  important  bends  of  the  valley.     The  norizontol  line  in  each  figure 

represents  the  sea-lerel  (O.D.). 


lY. — Notes  on  some  Mabinb  Miooenb  Shells  rBOM  Egypt. 

By    R.    BuLLBN    Newton,    F.G.S. 

(PLATES  VIII  AND  IX.) 

rilHE  marine  Miocene  shells  from  Egypt  referred  to  in  this  paper 

L     form   part  of  the  ooUection  of  Egyptian   fossils  sent  to  th« 

British  Museum  for  determination  by  Captain  H.  G.  Lyons,  B.E., 

F.G.S.,  Director-General  of  the  Geological  Survey  of  Egypt 

Several  writers  have  contributed  lists  of  marine  moUuscan  species 
occurring  in  the  different  Miocene  areas  of  Egypt — the  Siwa  Oasis, 
the  Pyramids,  Jebel  Geneffe,  Chalouff,  and  the  coast  of  the  Bitter 
Lake— among  whom  may  be  mentioned,  A.  B.  Orlebar,^  Oscar  Fraas,* 
Ch.  Laurent,'  Gerhard  Bohlfs,^  L.  Lartet,^  and  Mayer- Eyraar,'  but 
for  the  most  complete  treatise  on  this  subject  we  are  indebted  to 
Dr.  Theodor  Fuchs,^  whose  principal  investigations  were  published 
[^  in  the  Palaontographica  for  1883. 

Dr.  Fuchs'  interesting  comparisons  between  the  marine  Miocene 
shells  of  Egypt  and  those  of  the  Vienna  Basin  enabled  him  to 
establish  the  fact  that  a  large  number  of  the  species  were  common 
to  both  areas ;  a  result  more  particularly  noticeable  when  comparing 
the  "Grunden  Schichten"  (  =  Helvetian)  forms  with  those  of  the 
Siwa  Oasis,  although  certain  other  species  were  regarded  as 
analogous  to  those  found  in  the  **  Horner  Schichten  "  ( =  Oligocene — 
Aquitanian  stage)  and  '*  Steinabrunner  Schichten"  (=: Miocene — 
Q'ortonian  stage)  of  the  same  Basin.  The  present  collection 
appears  to  contain  representatives  of  the  three  lower  stages  of  the 
Miocene  system,  no  true  characteristic  Oligocene  forms  having  been 
determined,  viz. : — 

STortonian. 
Helvetian. 
Burdigalian  (=Langhian). 

*  *•  Some  Obaervations  on  the  Geology  of  the  Egyptian  Desert  ** :  Joum.  Bombay 
Branch  Roy.  Asiatic  Soc,  1846,  No.  x,  pp.  229-260  ;   14  plates  of  fossils. 

2  **  Aus  dem  Orient:  Geologische  Beobachtungen  am  Nil,  auf  der  Sinai -Ilalbinsel, 
nnd  in  Syrien,"  1867,  pp.  157-173. 

,  3  *'  Essai  Cieol.  sur  les  terrains  de  Tlsthme  Suez  ** :  Annuaire  Soc.  anciens  dldves 
Eooles,  Arts,  Metiers,  1870,  p  230. 

*  **  Von  Tripolis  nach  Alexandrien,"  1871,  vol.  ii,  pi.  iy. 
»  "Esaai  G6ol.  Palestine,  TE'gypte,  et  1' Arabic,"  pt.  ii,  Pal^ontologie :  Biblioth. 

Hautes  Etudes  Sci.  Nat,  vol.  vii  (1873),  No.  2,  pp.  48,  73. 

*  "Zur  Geologic  Egyptens**:  Viert.  Nat.  Ges.  Zurich,  vol.  xixi  (1886),  pp.  263-5. 
''  "  Die  Geologische  BeschafFenheit  der  Landenge  von  Suez  "  :  Denk.  Akad.  Wiss. 

'Wien.,  vol.  xxxviii  (1878),  pt.  2,  pp.  36-8.      In  ZittePa  memoir,  *•  Ueber  den 
Geologischen  Ban  der  libyschen  Wiiste/'  1880,  pp.  41-5.      *'  Beitrage  Kenntniss 
Miocaenfauna  Aegyptens  und  der  libyscben  Wiiste**   (in  ZittePs  work  on  E'^y^t^ : 
Palseontogniphica,  vol.  xxx  (1883),  pp.  19'G6  (or  pp.  1-48),  p\B.  Vi-xm  ^-Vm"^  *sA. 
xix-xxii  {lir-xyii). 
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It  remains  to  be  stated  that  the  majority  of  the  specimens  in 
this  collection  were  obtained  from  various  places  comprised  in 
a  tract  of  country  lying  between  Cairo  and  Suez,  which  are  referred 
to  as  <  Camps,'  each  one  being  numbered  and  having  the  following 
geographical  position: — 

Cakpb.  Latitudb.  liOiroxTuim. 

No.    6  29*^67' 40^  N.  ...  Sl«44'80-E. 

No.    0  SO^'lO'lS"        ...  8l»4«'20" 

No.  19  80*»16'80*        ...  Sl«64'40' 

No.  21  Iff    8' 40*        ...  81«6e'4r 

No.  22  ...        80*  16'  80"        ...  83"    2'  KT 

The  additional  localities  recorded  for  two  of  the  speoies  are: 
W.  of  Jebel  Zait,  off  the  Gulf  of  Suez,  and  Jebel  Gtoneffe,  near  Sues. 

MOLLUSCA:  GASTEROPODA. 

Grans  TUOURIUM,  P.  Fiaoher. 

Kiener  k  Fiflcher :  Sp^es  Coqailles  ViTantet  iCakmr,  Tnchui,  «te.),  1880,  p.  4£0  ; 

Fiflcher's  Manuel  Conohyliolc^e,  1886,  p.  760. 
Ttpb. — Droehut  Indiima,  Gmelin. 

TUGURIUM  BORSONI,  Sismonda,  sp. 

Fhorut  gigaa^  Michelotti :  Desc.  Foss.  Mioo^nea  Italie,  Sept.,  1847,  p.  176,  pi.  Tti, 

fig.  I  (non  Trochui  g%ga$^  Bonon,  1821). 
Fhorus  Bortonif  Sismonda  (Bellardi  MS.) :  Synopsis  Pedemontii  Fosalinm,  2Bd  ad. 

(1847),  p.  60. 
Tygurium  Bortonii  var.  pagodmformit^  Sacco  :   Moll.  Ten.  Piemonte,  1896,  pt.  zz, 

p.  27,  pi.  iv,  fi^.  4,  6. 

Description. — Testa  coniea,  libera,  umhilieata  ;  anfraciihuB  plantt, 
iufundihuliformibuB,  basi  repmida ;  peripharia  rotundata ;  umbilico 
parvo  ;  apertura  trigona.     (Michelotti.) 

Dimensions. — Height,  (about)  40  millimetres  ;  diameter  of  base, 
40  millimetres. 

Some  oonioal  limestone  casts  contained  in  this  collection  appear 
to  be  referable  to  this  species.  They  possess  about  five  or  six  wide, 
depressed  whorls,  deeply  sutured,  of  iufundibuliform  arrangement, 
and  obtusely  acute  at  the  periphery ;  the  base  is  concave  and 
prominently  umbilicated ;  surface  exhibiting  no  sculpture.  One 
of  the  specimens  has  some  foreign  material  (small  bivalve  shells) 
agglutinated  to  the  spire  in  the  neighbourhood  of  the  suture. 
This  character,  together  with  its  perforated  base,  would  indicate 
its  relationship  to  Fischer's  Tugurium,  in  which  genus  it  is  here 
placed.  From  a  comparison  of  the  published  figures  of  this 
species,  especially  those  last  issued  by  Sacco,  there  is  little  doubt 
that  these  Egyptian  casts  may  be  safely  referred  to  the  Italian 
species  which  characterizes  the  Helvetian  divinion  of  the  Miocene 
of  that  country.  The  Troehua  gigaa  of  Borson,  at  one  time  oonfused 
with  this  species,  belongs  to  Fleurotomaria, 

Horizon. — Miocene  (Helvetian). 

Distribution.— North  Italy  ;  Egypt,  between  Camps  19  and  22. 
CoJJ.  OeoL  Surv.  Egypt,  No.  816,  liox  No.  4c. 
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Oenufl  TIJRRITELLA,  Lamarck. 

M^m.  Soo.  Hist.  Nat.  Paris,  1799,  p.  74. 
Ttpi. — IStrbo  Unhray  Limueus. 

TURBITELLA  TEREBRALIS,  Lamarck.    (PI.  VIII,  Fig.  1.) 

TtmitiUa  Ur^bralis,  Lamarck:  Hist.  Nat.  Anim.  sans  Yeri,  toI.  Tii  (1822),  p.  69. 
Basterot,  *'Desc.  Tert.  Sod-Ouest  France":  M^m.  Soc.  Hist.  Nat.  Faris, 
Tol.  ii  (1826),  pt.  i,  p.  28,  pi.  i,  fig.  14.  Lartet,  *'  Essai  G^ol.  Palestine, 
rFgypte,  et  rArabie/^pt.  ii,  Pal^ontoloeie :  Biblioth.  Hautes  Ktudes  Sci.  Nat., 
Tol.  ni  (1873),  No.  2,  p.  48.    Saoco :  Moll.  Terz.  Piemonte,  1895,  pt.  xix,  p.  8. 

Desobiftion. — Testa  elongatO'lurriiat  traneversim  striata ;  striis 
confertis  aqimlihus ;  anfraetihus  medio  conveocis,  hasi  apieeque 
depressis ;    suturis  infra  marqinatis,     (Lamarck.) 

Hbmabks. — As  far  as  detail  is  concerned  the  Egyptian  examples 

of  this  shell  are  well  preserved,  although  none  of  them  are  quite 

|>erfect.     The   main  characters  of  the  species  as  given  originally 

by  Lamarck  include  its   elongate,  turreted   form,   the    basal   and 

Epical  depression  of  the  nearly  centrally  inflated  whorls,  the  regular, 

elevated  spiral   striso  forming  its  sculpture,  with  no  evidence  of 

longitudinal  striations,  and  the  possession  of  a  prominent  suture. 

The  basal  margin  of  each  whorl  extends  obliquely  to  the  suture. 

The  spiral  angle  of  18^  agrees  with  the  type  figured  by  Basterot 

f  Tom  the  neighbourhood  of  Bordeaux. 

Horizon. — Miocene  (Helvetian). 

Distribution.  —  Bordeaux ;  N.  Italy.  Egypt :  Jebel  Geneffe 
CLartet) ;  Camp  22  (=  23a)  ;  Jebel  Geneffe,  Suez  Canal  (5c).  Coll. 
Cxeol.  Surv.  Egypt,  No.  328,  Box  No.  23a ;  No.  990,  Box  No.  5c. 

OenuB  STROMBUS,  Linnseus. 

Systema  Nature,  10th  ed.  (1758),  p.  742. 
Ttpb. — S.puffiliSf  LiimsBus. 

STROMBUS  NODOSUS,  Boreon,  sp. 

■Jfitra  nodosa  J  Bonon,  '*  Saggio  Orittog.  Piemontese  "  :    Mem.  R.  Ac.  Sci.  Torino, 

Yol.  XXV  (1820),  p.  208,  pi.  i,  fig.  9. 
■Strombus  Bonelli^  Brongniail; :    M6m.  Terr.  Calc.-Trapp.  Vicentin,  1823,  p.  74, 

pi.  Ti,  fig.  6.     Hoemes,  "Fobs.  Moll.  Tert.-Beck.  Wien":    Abhaudl.  k.  k. 

Geol.  Reicba.,  vol.  iii  (1862),  p.  189,  pi.  xvii,  figs.  2-6. 
StrombuMf  sp.  (of.  Bonslli),  Fucha:   Palsontographica,  vol.  xxx  (1883),  p.  36  (18), 

pi.  Ti  (i),  fig.  4. 
Strombut  fwdonu,  Sacco :  Moll.  Terz.  Piemonte,  1893,  pt.  xiy,  p.  4. 

Description.  —  Species  having  an  elongate,  narrow,  oblong, 
Bubcyliadrioal  test,  ornamented  with  transverse  suloations  ;  whorls 
convex,  divided  by  a  deep  suture  and  bearing  nodular  plications 
in  the  centre ;  last  whorl  with  a  ring  of  large  prominent  tubercles 
in  the  upper  part,  beneath  being  (in  old  forms)  some  minor 
tubercles  separated  by  spiral  sulcations;  aperture  elongate,  subeqnal; 
labrum  thick  and  smooth  within ;  base  curved  in  adult  forms ; 
canal  very  short;   columella  smooth. 

Dimensions  (of  medium-sized  specimen). — Length,  (about)  50mm. ; 
diameter,  30  mm. 

Rbharkb. — The  specimens  referred  to  this  species  are  Hmentone 
casts,  but  possessing  certain  definite  characters  which  suffice 
fur  their  determination.  Both  young  and  adult  exam^)les  are 
represented.     The    narrow,   elongate   form,   its  long  aaOlL   divi^'^X'j 
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satured  spire,  with  the  centrally  nodnlar  plioations,  as  well  at 
the  spiral  striie,  or  sulci,  orDanienting  the  surface,  serve  to 
distinguish  it  from  S,  coronatua,  Defranoe,  a  closely  related  species. 
iS.  coronatus  is  a  shorter  and  much  wider  shell  with  a  sharp  conical 
spire,  consiscing  of  depressed  whorls  feebly  sutured.  Fuchs  has 
figured  a  similar  cast  from  Egypt  under  the  name  of  Strombu$  cf. 
Bonelli,  but  the  present  examples  exhibit  rather  more  clearly  the 
sculpture  of  the  species.  Hoemes  and  Sauco  must  be  referred 
to  for  a  longer  synonymy  of  this  species  than  is  offered  here ;  it 
is  important  to  notice  that  Saoco  has  united  S.  Bonelli  of  Brongniart, 
which  is  an  adult  form,  with  the  present  species. 
Horizon.  —-Miocene  (Helvetian). 

DisTBiBUTioN. — North  Italy ;  Bordeaux  ;  Vienna  Basin  ;  Switser* 
land,  etc  Egypt :  Oasis  Siwa  (Fuchs) ;  between  Gamps  19  and 
22.     ColL  Oeol.  Surv.  Egypt,  No.  883,  Box  No.  3c. 

OenuB  PTBULA,  Lamarck. 

M6m.  Soc.  Hist.  Nat.  Paris,  1799,  p.  73. 
Ttpb. — Bulla  Jleut,  LiniUBiu.     (Syn.  Iteula,  Swiiiaaon.) 

PYRULA  CONDITA,  Brongniart.    (PI.  VIII,  Figs.  2,  8.) 

Fyruln  condita,  Brongniart :  M6m.  Terr.  Calc.-Trapp.  Yicentin,  1828,  p.  76,  pL  n« 
fis?.  4.  Sowerby  (6.  B.) :  Quart.  Joum.  GeoL  Soc,  toI.  iii  (1847),  j>.  415. 
Iloomes,  *<Fo88.  Moll.  Tert.-Beck.  Wien":  AbhandL  k.  k.  Geol.  Beicha., 
vol.  iii  (1863),  p.  270,  pi.  xxviii,  figs.  4-6. 

Ficula  condita,  Sacco  :  Moll.  Terz.  Piemonte,  etc.,  1891,  pt.  yiii,  p.  23,  pi.  i,  fig.  27. 

Desobiption. — Testa  ficoidea,  cancellata;  strits  tranBver$i$  ereC' 
iiUHCulis ;  interstitiis  longitudinalibuSf  frequentibuB,  decussantibus ; 
spiva  brevissima,  plano-retusa,  centra  mucronata;  apertura  oblonga, 
(Hoemes.) 

The  diagnoRis  of  this  species,  given  here,  is  that  taken  from 
Hoemes*  work,  which,  on  account  of  being  somewhat  fuller,  is 
thought  to  be  of  more  practical  use  than  the  original  as  drawn 
up  by  Brongniart. 

Kemarks. — Several  casts  in  the  collection  evidently  belong  to 
this  species.  They  exhibit  the  smooth  arcuate  columella,  an  oblong 
fuRoid  aperture,  a  depressed  spire,  and  an  elongate  terminal  area. 
The  ornamentation,  although  obscure,  is  seen  to  consist  of 
a  cancellated  structure  made  up  of  close  longitudinal  striationi 
crossed  by  strong,  elevated  spiral  ridges  with  Hner  striaa  between 
each.  These  specimens  have  been  compared  with  some  beautiful 
examples  of  the  species  in  the  British  Museum  from  Sauoats, 
S.W.  of  France,  and  are  found  to  agree  in  all  essential  details. 

The  species  differs  from  P,  reticulata  of  Lamarck  in  possessing 
a  more  delicately  arched  columella  and  in  its  finely  oanoellate 
s(Milpture.  The  specimen  numbered  58a  appears  to  be  a  very 
old  form  of  this  species. 

Dimensions. — Length,  oomm. ;  width,  35  mm. 

IToRizoN. — Miocene  (Helvetian). 

Distribution. — Turin:  S.W.  France;  Vienna  Basin;  Portugal 
(Sowerby),  etc.      Egypt:    between   Camps    19   and   22   (Ic),  and 
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Camp  22  (58a).    Coll.  Geol.  Surv.  Egypt,  No.  816,  Box  No.  Ic; 
Ko.  326,  Box  No.  58a. 

Gemub  DELPHINIJLA,  Lamarck. 

Annales  Museum  Paris,  vol.  iv  (1804),  p.  108. 
Ttpb. — Turho  dslphinut,  Limueus. 

(?)  DELPHINULA,  sp. 

Rkxabks. — The  two  specimens  referred  doubtfully  to  this  genus 
have  very  convex  whorls  and  a  slit-like  perforation  at  the  base 
of  the  columella;  the  aperture  is  large,  oval,  and  acuminate 
anteriorly ;  no  sculpture  can  be  traced,  and  no  further  identification 
of  the  specimens  is  possible. 

DiHKNSiONS. — Height,  (about)  50  mm. ;  diameter,  45  mm. 

Horizon. — Miocene  (Helvetian). 

Distribution. — Egypt :  between  Camps  19  and  22.  Coll.  Geol. 
Surv.  Egypt,  No.  817,  Box  No.  ^c. 

6«ni]8  CANCELLARIA,  Lamarck. 

Mem.  Soc.  Hist.  Nat.  Paris,  1799,  p.  71. 
Typi. — Valuta  reticulata^  Linnsus. 

CANCELLARIA,  sp.     (PL  VIII,  Figs.  4,  6.) 

Rbmabks.  —  Two  limestone  casts  appear  to  belong  to  this 
genus.  They  have  convex  whorls,  an  elongate  turreted  spire, 
a  subcanaliculation  at  the  base,  and  an  oval  aperture  pointed 
anteriorly.  In  this  last  character  and  their  form  generally  they 
are  doubtless  related  to  C  aeuiangula  of  Faujas-de-Saint-Fond, 
a  species  common  to  the  Miocene  beds  of  Bordeaux,  N.  Italy, 
Corsica,  etc. 

Dimensions. — Length,  34  mm. ;  diameter,  22  mm. 

Horizon. — Miocene  (Helvetian). 

Distribution. — Egypt :  between  Camps  19  and  22.  Coll.  GeoL 
Sarv.  Egypt,  No.  833,  Box  No.  3»  c. 

MOLLUSCA :   LAMELLIBRANCHIATA. 

Genus  OSTREA,  Linnaous. 

S^tema  Naturse,  10th  ed.  (1758),  p.  696. 
Ttpb. — 0.  edulit,  IdnQseos. 

OSTREA  DIGITATA,  Eichw.,  var.  ROHLFSI,  Fuchs. 

Ottrta  digitataf  Eichwald:  Natur.  Skizze  Lithauen  Yolhynieii  und  Podolien,  1830, 

p.  213. 
Ottrta  diffitalina,  Du  Bois  de  Montp^reux :    Conchiologie  Foss.  Wolhyni-Podolien, 

1831,  p.  74,  d1.  viii,  figs.  13,  14. 
Ottraeity  Rohlfs  :  Von  Tripolis  nach  Alexandrien,  vol.  ii  (1871),  pi.  iv,  fig.  1  (no  text). 
09trea  Rohlfn,  T.  Fuchs :   Denk.  Akad.  Wiss.  (Wien),  vol.  xli  (1879),  p.  106,  pi.  vi, 

figs.  6-8. 
Oitrea  dipitalinaf  var.  Rohlftiy   T.  Fuchs  :    Palieontographica,   vol.  xxx   (1883), 

pp.  44  (26).  66  (37),  61  (43) ;  pi.  xii  (vii),  fi^'s.  3-6;  pi.  xxii  (xvii),  figs.  1-3. 
f  Ottrea  digitaHna^  Mayer-Eymar :  ibid.,  p.  74  (8). 

Remarks. — Although  belonging  to  the  group  of  oysters  charac- 
terized by  0.  digitata  of  Eichwald  (misspelt  0.  digitalina  by  most 
aothors),  this  form  exhibits  some  differences,  especially  in  sculpture, 
which  require  the  adoption  of  the  composite  determination  intro<luced 
by  Fuchs,  as  0.  digitata,  var.  Rohlfai.  Probably  a  new  name  would 
have  been  preferable  for  the  Egyptian  shell,  for,  while  agreeing  with 
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plicationB  elevated,  few,  squainose,  irregularly  radiate,  and  obsolete 
near  ventral  region  in  aged  examples ;  ligamental  fossula  of  Inwer 
val  ve  moderately  excavated  and  less  perceptible  in  the  upper  valve. 

Dimensions    (of   an   adult   valve). — Height,   135  mm. ;    length, 
95  ram. ;  diameter,  50  mm. 

Remarks. — Several  of   the  present  specimens   are   exceedingly 
thi(ik  and  coarse,  whilst  the  ligamental  areas  and  mnscular  scars 
are  of  great  size.     Fuohs  recogniases  0.  pseudo-eduJis  and  O.  exeavata 
as  Bynonymous  with  0.  Virleti,  the  three  species  being  lomewliat   .^ 
difficult  to  separate  from  each  other. 

Horizon. — Miocene  (Tortonian). 

Distribution. — Morea  (Deshayes) ;  Russian  Armenia  (Abich) 
Persia  (Fuchs).  Egypt:  Siwa  and  Jebel  Qeneffe  (Fuchs)  ;  sonti 
of  Middle  Station.  Old  Suez  Railway  (24a);  Camp  19  (13*  a) 
Camp  21  (12a).  Coll.  Qeol.  Surv.  Egypt,  No.  360,  Box  No.  12a 
No.  342,  Box  No.  13' a ;  No.  625,  Box  No.  24a. 

Oenofl  PECTEN,  0.  F.  Miilltr. 

Zool.  Danicce  Prod.,  1776,  p.  zzzi. 
Type. — Ostrea  matimaj  LinnenuB. 

PECTEN  ACUTICOSTATUS,  G.  B.  Sowerby. 

Peeten  acutieostatus,  Q.  B.  Sowerby :  Quart.  Joam.  Geol.  Soc.,  toI.  iii  (1847)»  p.  4! 

pi.  xvii,  fig.  18. 
Janira  Urvicoatata,  Segnenza,   "  Form.  Tert.  Reggio   (Calabria)  "  :    Atti  B.  A. .      o. 

Lincei,  ser.  iii,  vol.  vi  (1879),  p.  188,  pi.  xir,  fig.  16.  

Peet&ft  acHtieoBtatufy  Fuchs:   Palueontographica,  yoI.  zzx  (1883),  p.  41  (23),  pi.  f^— iii 

(iii),  figs.  1-6. 

Dkscription. — p.  testa  suborbicnlari,  valva  altera  convexa,  coBt-  '• 
radiantihus  20,  acntia,  elevatis ;  laterihus  costarum  interBtitiiftq^^' 'e 
concentrlce  striatia ;  auriculis  magnis,  tenuiter  radiatim  co$talm>  '• 
(G.  B.  Sowerby.) 

Eemakes. — The  above  constitutes  the  original  diagnosis  of  th.    "^6 
species,   which    was   drawn    up    from   a   fragmentary    lower   val'^^^® 
found  in  the  Tertiary  deposits  of  Portugal   (Tagiis  district).     ^^  n 
examination  of  the  type  in  the  Geological  Society's  Musenm  prov  ^^* 
that   some  valves  in  the  Egyptian  collection  can  with   safety   S"'® 
regarded   as   this   species.     A   series   of    elevated   triangular   rit>^* 
with  wide  interstitial  spaces  ornamented  by  fine  concentrio  stri^^i 
appear  to  distinguish  the  shell  from  other  forms.     Similar  structure* 
characterize    F.   Icevicostata    of    Seguenza    from    Italian    Pliooe*^® 
(Zanclean)  beds,  and  therefore  it  may  be  included  as  a  synony '^ 
of  Sowerby's  older  name. 

Dimensions  (of  largest  convex  valve). — Height,  70mm.;  lengt-^> 
75  mm. ;  diameter,  15  mm. 

Horizon. — Miocene  (Tortonian). 

DiSTRinuTiON. — Tagus  Beds  of  Portugal  (Sowerby);    Southo^^ 
Italy     (Seguenza).     Egypt :    Siwa    and    Geneffe    (Fuchs)  ;    Ca«»*P 
22  (26»^*a)  and  probably  from  Camp  21  (20a).     Coll.  Geol.  Surv. 
Egypt,  No.  365,  Box  No.  20a ;  No.  324.  Box  No.  26»»»  a. 
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-,  PECTEN  ADUNCU8,  Eichwald. 

^^Un  aduncuSf    Eichwald:    Natur.   Skizze  Lithauen,  Yolkymen,  und  Podolien, 
j^       1830,  p.  213. 
''^e^  Jouiingi,  O.  B.  Sowerby :   Quart.  Joom.  Oeol.  Soc.,  toI.  iii  (1847),  p.  419, 

pi.  rn,  figs.  10-12. 
^«/m  conpexo-eo9tat¥9,  Abioh,  *' Ueber  SteinBalz,  etc.,  Russiachen  Armenien": 

M^m.  Ac.  Imp.  Sci.  St.  Petenbourg,  s^r.  n,  vol.  ix  (1859),  pt.  1,  p.  118,  pi.  i, 
^      fig.  4. 
-f^erttu  aduneut,  Hoernes,  "  Fobs.  Moll.  Tert.-Beck.  Wien"  :   Abhandl.  k.  k.  moI. 

Reicha.,  yoI.  It  (1867),  p.  401,  pi.  lix,  figs.  7-9.     Facha:   Palsontographica, 

Tol.  xzz  (1883),  p.  36  (64),  pi.  xix  (xiy),  figs.  1-6. 

Desoription. — Speoies  with  very  convex  lower  valve  and  a 
Tounded,  incurved  umbone ;  oostie  about  17,  rounded,  wide, 
Smooth,  and  separated  by  conspicuous  sulci,  or  grooves,  which 
^r-e  ornamented  with  fine  concentric  striations  ;  upper  valve 
fiat,  with  12  narrow  costsd,  more  or  less  obsolete  at  the  umbone. 

Dimensions  (of  larger  upper  valve). — Height  and  length,  40  mm. 

BsMABKS. — Two  upper  valves  of  this  species  are  contained  in 
'tke  collection,  the  larger  having  its  inner  surf6M)e  covered  with 
X>&ra8itic  annelid  tubes  and  a  bryozoan  {Cellepora), 

Horizon. — Miocene  (Helvetian). 

Distribution. — Poland  (Eichwald) ;  near  Lisbon  (G.  B.  Sowerby) ; 
Russian  Armenia  (Abich)  ;  Vienna  Basin  (Hoernes).  Egypt:  Nile 
Valley  (Fuchs) ;  Camp  22.  Coll.  Geol.  Surv.  Egypt,  No.  324,  Box 
-No.  26"»»  a. 

PECTEN   BEUDANTI,  Basterot. 

^«tfn  Beudanti,  Basterot,  **  Desc.  Tert.  Sud-Ouest  France '' :  M6m.  Sor.  Hist.  Nat. 
Paris,  vol.  ii  (1826),  pt.  1,  p.  74,  pi.  v,  figs.  \a-c,  Hoernes,  **Fo88.  Moll. 
Tert.-Beck.  Wien**:  Abhandl.  k.  k.  geol.  Reichs.,  toI.  iv  (1867),  p.  399, 
pi.  lix,  figs.  1-3.  Sacco  :  Moll.  Terz.  Piemonte,  etc.,  1897,  pt.  xxiv  (Pectinida;), 
p.  62,  pi.  XX,  figs.  1-8. 

Description. — Species  characterized  by  its  valves  hearing  very 
elevated,  rounded,  and  radial  costse  (14r-16),  ornamented  with  fine, 
closely- set,  regular,  lamellose,  and  transverse  striae.  The  lower 
>^alve  is  very  convex,  furnished  with  an  incurved  umbone,  a 
Moderately  short  cardinal  line  having  vertically  striated  auricles 
^f  apparently  equal  size ;  the  upper  valve  is  flat  and  sometimes 
father  concave. 

Dimensions  (of  largest  lower  valve). — Height,  85  mm.;  length, 
So  mm. ;  diameter,  20  mm. 

Remarks.  —  This  species  need  not  be  confused  with  either 
P.  solarium  of  Lamarck  or  P,  Toumali,  which  are  forms  of 
somewhat  similar  ornament,  but  possessing  a  convexity  in  both 
valves.  Sacco*s  examples  from  Italy,  although  of  rather  smaller 
size  and  recognized  under  varietal  names,  appear  to  exhibit  the 
general  structural  features  of  this  species,  llie  occurrence  of 
^his  shell  in  Egypt  is  recorded  here  for  the  first  time. 

Horizon. — Miocene  (Helvetian). 

Distribution. — Bordeaux  ;  Portugal  (Sowerby)  ;  Constantino 
fOoqnand)  ;  Italy ;  Switzerland ;  Vienna  Basin.  Egypt :  Cam^ 
^^.    Coll.  Geol.  Surv.  Egjpt,  No.  322,  Box  No.  14q. 
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PECTEN  CRISTATO-COSTATHS,  Swoo. 
Fwtm  erittato-eoiiatu;  Siuxo:   Holl.  Tin.  FiemoDtc,  eto.,  1S9T,  pt.  xxit,  p.  B 
pi,  iii,  figs.  1-7. 

Dbhoriptioh. — Testa  affiiiin  P.  nhareualia,  Tonm.,  ted  in  vatt 
dexlera  cottai  radialtM  valde  eiatioret,  tlricliort*,  aeutiorei,  •d 
triiingulares,  inleis  pro/undigtmi§  {coilit  latioribui)  diynneia.    (Saooo. 

A  BJDgle  lower  valve  from  Egypt  appears  to  belong  to  thi 
species,  altbongh  the  radial  ooatte  become  rounder  as  tLey  fmc 
tlie  ventral  margin,  and  their  terminatioaa  are  ornamented  wit 
extremely  fine  transTerse  strite.  In  all  other  chamcters  it  i 
extremely  like  Sacoo's  shell.     Costa  18-20. 

Dimensions  (of  a  lower  valve). — Height,  40  mm. ;  length,  41  mm. 
difliiieter,  II  mm. 

Kemarks. — Tliii  species  is  closely  related  to  Janira  beneditt 
(Lamarck),  Fontannnes,  from  the  Pliocene  of  the  Rhone  Valley 
anil  differs  mainly  in  possessing  a  greater  number  of  ribs. 

Horizon.— Miocene  (Helvetian), 

Distribution.  —  Italy.  Egypt:  Camp  19.  Coll,  Geol.  Sue- 
Egypt,  No.  371,  Box  No.  25»  a. 

PECTEN   ESCOFFIER.E,  Fontanne*. 

Ficlni  Euspfra.  Fontiiiin«B  :  Etudes  Tert.  BaAiiu  BhOne,  1378.  pt.  iii,  p.  95,  pi  . 

fiir.  I.     Fuclis:   pBlmontogrBphlca,  vol.  in  I1S83),  p.  24  (42),  pi.  nil  (ii 

fiBs.  9-12. 

Description.— Shell  small,  subtriangular,  and  with  a  moderat:el 

convex  right  valve,  bearing  about  16  eubrotnnd,  elevated  oostn 

thp  sculpture  consists  (if  fiiia  coiiwiilrio  striaj  id  tlie  grooves,  whiill 
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^  Nations,   which    beoome    more    remote    and    lamellar    near    the 
Margin. 

DiHKNSiONS  (of  best  specimen). — Height  and  length,  50  mm. 
Remarks.  —  In  adopting  a  sabgeneric  name,  it  may  bo 
^^entioned  that  Sacoo  recognizes  this  shell  under  Mquipecien  of 
X^aul  Fischer,  on  account  of  its  similarity  to  the  type,  P,  opercidaria. 
It  is  indeed  difficult  to  separate  P.  Malvina  from  the  Linnaean 
pecies,  except  that  it  is  somewhat  less  circular  and  fan-shaped, 
oernes'  work  must  be  referred  to  for  a  longer  synonymy  of  the 
species  than  is  here  offered. 

HoBizoN  — Miocene  (Tortonian). 

Distribution. — Poland  ;  Vienna  Basin  ;  Touraine ;  Italy  ;  Persia 
(Fuchs).  Egypt:  Jebel  Oeneffe  (Fuchs) ;  no  locality  recorded 
l^or  the  present  Egyptian  specimens.  Coll.  Geol.  Surv.  Egypt, 
Ko.  624,  Box  No.  22a. 

PECTEN   (JEQUIPECTEN)  ZITTELI,  Fuchs. 

•^tetsn  Zitteli,  Fuchs :    Palsontographica,  toI.  zxx  (1883),  p.  41  (23),  pi.  vii  (ii), 

figs.  1-12. 
~.£quipeeten  Zitteli,  Sacco :  Moll.  Terz.  Piemonte,  etc.,  1897,  pt.  xxiv,  p.  31. 

Desoription. — Shell  suborbicular,  furnished  with  13-15  broad, 
mkdxdX  costaa,  and  a  series  of  corresponding  deep  grooves  ; 
Tibs  elevated  and  subdivided  into  minor  grooves  and  ridges ; 
ornamentation  closely  lamellose. 

Dimensions  (of  one  valve). — Height,  48  mm. ;  length,  48  mm  ; 
diameter,  10  mm. 

Remarks. — This  species  belongs  to  the  group  of  Pecten  opercularia 
which  Fischer  has  named  ^quipecten,  and  is  related  to  P,  MalviiKC 
and  P.  cavarium  of  Fontanues.  The  Egyptian  examples  are  in 
a  good  state  of  preservation. 

Horizon. — Miocene  (Helvetian). 

Distribution. — Egypt:  Oasis  Siwa  (Fuchs);  Camp  19.  Coll. 
Geol.  Surv.  Egypt,  No.  371,  Box  No.  2oa. 

PECTEN   (AMUSSIOPECTEN)   BURDIGALEXSIS,  Lamnrck. 

Pecten  Burdigalemis^  l^niarck :  Aniiales  Musoinii,  vol.  viii  (18u6),  p.  3o5.    Hoemos, 

**  Foss.  Moll.  Tert.-Beck.  Wieu  '* :  Abhandl.  k.  k.  geol.  Koichs.,  vol.  iv  (1S«J7). 

p.  418,  pi.  Ixy.     Fuchs  :  Denk.  Akad.  Wiss.  (Wien),  vol.  xxxviii  (1878),  pt.  2, 

p.  37. 
Amuuiopeeten  BurdiffaiensiSf  Sacco:    Moll.  Terz.  Piemonte,  etc.,  1897,  pt.  xxiv, 

p.  63,  pi.  IV,  tigs.  1-7. 

Desoription. — Species  of  suborbicular  shape,  with  the  lower 
valve  more  convex  than  the  other ;  auricles  small  and  of  equal 
size  ;  valves  ornamented  externally  with  12-14  distant,  broad, 
slightly  elevated,  radial  costae,  which  are  crossed  by  extremely 
fine  and  closely-set  concentric  striations. 

Remarks. — The  Egyptian  ppecimens,  although  somowhat  imper- 
fect, may  be  readily  recognized  as  this  large  and  well-known  species. 

Di5iBNSiONS. — Height,  80  mm. ;  length,  85  mm. ;  diameter  (both 
valves  in  contact),  20  mm. 

Saooo's  name  of  Amusatopecten  was  founded  to  include  rather 
large,  but  graceful,  pectinoid   shells,  bearing  internal   cost®  and 
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outwardly  a  series  of  depressed  ribs ;  both  valves  beiog  convex  and 
slightly  gaping. 

Horizon. — Miooene  (Helvetian). 

Distribution. — Bordeaux;  Oironde;  Portugal;  Sardinia;  the 
Azores;  Vienna  Basin;  Constantino,  eto.  Egypt:  Jebel  Gkneffe 
(Fuchs) ;  9  kilometres  S.S.W.  of  damp  22.  ColL  Oeol.  Burv. 
Egypt,  No.  ^bB,  Box  No.  15a. 

PECTEN,  sp. 

Remarks.  —  Three  valves  of  different  peotinoid  shells,  too 
imperfect  for  determination. 

Horizon. — Miocene  (Helvetian). 

Distribution.  —  Egypt:  damp  22.  Coll.  G^oL  Surv.  Egypt, 
No.  324,  Box  No.  26»  a. 

GenuB  AMUSSIUM  [AMUSIUM],  Chemnits. 

Conchyl.  Cabinet,  toL  vii  (1784),  p.  284,  pi.  Ixi,  ftg.  696. 
Ttpb. — Ottrea  pUuron§cti»f  Linneus. 

AMU8SIUM  CftlSTATUM,  Bronn,  sp.     (PI.  VIH,  Fig.  6.) 

Oatrea  ptmroneetst^  Brocchi :    Conoh.  Fobs.   Sabapennina,  toI.  ii  (1814),  p.  679 

{non  LinnsBiis). 
Fecten  criatatua,  Bronn :   Zeitsch.  Mineraloeie  (Leonhard),  toI.  ii  (1828),  p.  642. 

Eoemes,  *<  Foss.  Moll.  Tert.-Beck.  Wien":   Abhandl.  k.  k.  geol.  BMahn., 

vol.  iv  (1867),  p.  419,  pi.  Ixri,  fiff.  1. 
Amus»ium  eriatatum^  Sacco  :    Moll.  Ten.  Piemonte,  etc.,  1897,  pt.  xxiv,  p.  47, 

pi.  xiii,  figs.  30,  31 ;  pi.  xiy,  fig.  1. 
Perten  criatatua,  Repelin :  Bull.  Soc.  Geol.  France,  s^r.  in,  toI.  xiv  (1897),  p.  130. 
recten    {Cornelia)    criatatua ,   Mayer  -  Eymar :    Falsoontographica,    1898,    vol.    xxx, 

pt.  2,  p.  65. 

Dkscription. — Shell  depressed,  nearly  orbioular,  with  a  smooth, 
outer  surface,  and  internally  possessing  26-32  elevated,  radial 
costse,  which  are  acuminate  and  slightly  curved  at  their  terminations, 
and  do  not  quite  reach  the  ventral  margin. 

K  EM  ARKS. — This  species  is  represented  in  the  collection  by  a 
single  fragment  attached  to  a  lower  valve  of  Fecten  acutieostattia. 
It  is  the  internal  portion  of  a  valve  showing  three  pairs  of  costal 
rays  with  bent  acuminate  ends,  the  intervening  space  between  each 
pair  having  a  maximum  width  of  9  millimetres.  According  to 
flayer- Eymar  this  species  ranges  from  Helvetian  to  Sicilian  times 
in  the  neighbourhood  of  the  Pyramids. 

Horizon. — Miocene  (Tortonian). 

Distribution. — Vienna  Basin  ;  Southern  France ;  Italy  ;  Sicily  ; 
S^^rdinia;  Algeria  (Hepelin),  etc.  Egypt:  probably  from  Camp  21. 
Coll.  Geol.  Surv.  Egypt,  No.  365,  Box  No.  20»a. 

Genus  SPONDYLUS,  Linnseus. 

Systema  Naturae,  10th  ed.  (1758),  p.  690. 
Typr. — S.  gatUropua,  Linnaeus. 

SPOXDYLUS,  sp. 

Spotiit/lus,   sp.,   cf.    eraaaicoatatua,    Fuchs  :     Palasontographica,   toI.    xxx    (1883\ 
p.  25  (43),  pi.  viii  (iii),  fig.  14. 

Description. — The  valves  are  suborbicular,  compressed,  and 
ornamented  with  fine,  closely  arranged,  tortuous  ribs,  which  separate 
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^"ider  and  more  prominent  oostao  having  a  lamellar  or  funnel-shaped 
^^ructure.  These  larger  costso  are  hroader  and  less  numerous  on 
^^e  right  or  lower  yalve  than  on  the  left. 

DiMEVSiOKS. — Height,  60  mm. ;  length,  65  mm. ;  diameter,  32  mm. 

Rbm ABKS. — Only  one  example  of  this  shell  is  in  the  collection,  con- 
sisting of  a  pair  of  fragmentary  valves  in  aitik,  though  preserving  no 
^orsal  characters  of  any  moment  and  showing  merely  the  slightest 
Indication  of  one  of  the  lateral  auricles.     So  worn  is  the  specimen 
that  the  asperities  of  the  test  are  a  good  deal  modified,  the  hases 
Only  of  the  sharp  elongate  spines,  so  prominent  a  feature  in  recent 
Spondyli,  being  present     It  appears  to  differ  from  S,  crasBicoBtatuB 
in  its  rounder,  more  compressed  valves  and  thinner  test,  and  from 
8.  gaderopuB  in  the  lower  valve  exhibiting  no  trace  of  a  foliaceons 
^owth.     It    probably   represents  an   intermediate   form    between 
these  two  species,  which  with  better  material  at  hand  might  be 
worthy  of  a  new  specific  name.     The  fragmentary  shell  figured 
by  Fuchs  from  Egypt  corresponds  in  most  details  with  the  present 
specimen. 

Horizon. — Miocene  (Tortonian). 

DisTBiBUTiON. —  Egypt :  Siwa  (Fuchs) ;  no  locality  recorded 
for  this  specimen.     Coll.  Geol.  Surv.  Egypt,  No.  623,  Box  No.  21a. 

GenoB  AXINJEA,  Poll. 

Tertacea  Sicilise,  yol.  i  (1791),  p.  32. 
Typb. — Area  pilotOf  Lmnseus. 

AXINJEA  PILOSA,  Linnaeufl,  sp. 

Area  pilosa,  LinnsBUS :    Systema  Naturse,  I'ith  ed.  (1767),  toI.  i,  pt.  2,  p.  1,143, 

Nos.  181,  182. 
Feetuneuliig giyeimei'is  and  F.  pilosa^  Searles  "Wood,  "  Mon.  Crag  Moll.  England'*  : 

Mon.  Palaeontographical  Soc,  1850,  p.  66,  pi.  ix,  fig.  1  {para). 
Feetunculus  pilosust  Hoernes,  "  Foaa.  Moll.  Tert.-Beck.  Wien":   Abhandl.  k.  k. 

geol.   Keichs..  vol.  iv  (1864),  p.  316,  pi.  il,  tigs.  1,  2;   pi.  xli,  fij^s.  1-10. 

^guenza,  *'  Form.  Terx.  Reggio  (Calabna) '' :   Mem.  R.  Accad.  Lincei,  ser.  in, 

Tof.  Ti  (1880),  pp.  282,  360. 

Dbsoription. — ^This  is  a  suborbiculate,  equilateral  species,  convex, 
and  substriated ;  umbones  incurved ;  margin  creuulated.  Shell 
closely  related  to  Area  glycimeris  of  LinnsBus,  though  differing 
from  it  in  never  departing  from  the  regular  or  equilateral 
condition ;  that  species  being  frequently  oblique  in  shape.  Searles 
Wood  combined  the  two  under  P.  glycimeris^  but  more  modern 
authors  have  treated  them  as  separate  species,  a  plan  adopted  on 
the  present  occasion. 

Remarks. — Two  examples  illustrate  this  species ;  they  are  partial 
casts  showing  remnants  of  the  thick  test  in  places.  The  more 
perfect  one  has  the  valves  in  sitH,  and  exhibits  the  longitudinal 
striations  together  with  a  series  of  concentric  growth-lines.  On 
the  sides  are  prominent  oblique  ridges  representing  the  inner 
margins  of  the  large  adductor  scars. 

Dimensions. — Height,  75  mm. ;  length,  71  mm. ;  diameter,  46  mm. 

HoBizoN. — Miocene  (Helvetian). 
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Distribution. — Found  recent  in  the  Mediterranean  Sea ;  and 
fossil  in  N.  and  S.  Italy  ;  Poland ;  Morea ;  S.  France ;  Rhone 
Basin;  near  Lisbon;  England;  Vienna  Basin;  Azores;  Oran,  eta 
Egypt;  Camp  22.     Coll.  Geol.  Surv.  Egypt,  No.  325,  Box  No.  67a. 

Genus  CARDIUM,  LinnfleuB. 

Systema  Natane,  10th  ed.  (1768),  p.  678. 
Type. — C.  eottatumy  LinnsBUs. 

CARDIUM,  sp.    (PL  IX,  Figs.  8,  4.) 

Eemarks. — Under  this   genus  are  placed   three  casts  of   shell 
with  attached  valves,  which  are  tumid,  oblique,  and  elongate,  an 
furnished    with    incurved,    anterior,    nearly   contiguous    umbones 
beneath  being  an  oval  excavation.     One  of  the  specimens  is  oovere 
with  obscure  vertical  ribbing  on  its  left  valve,  and  still  more  obscur 
indications  of   concentric  sculpture.      An   obtuse,  postero- median. 
oblique  carination  proceeds  from  the  beaks  to  the  ventral  region 
forming  the  inner  margin  of  the  posterior  area.     This  form  appea; 
to    be  related   to    Cardium  discrepana,  Basterot,  a  species  oommo 
to  the  Miocene  of  Southern  France,  N.  Italy,  etc. 

DiMRNsioNS. — Height,  45  mm. ;  length,  43  mm. ;  diameter,  30  m 

Horizon. — Miocene  (Tortonian). 

Distribution.  —  Egypt:  Camp  9.  Coll.  Qeol.  Surv.  Egyp*" 
No.  642,  Box  No.  53a. 

Genus  LTJCINA,  Lamarck. 

M6m.  Soc.  Hilt.  Nat.  Paris,  1799,  p.  84. 
Ttpb. —  Venus  edeniula,  LinnaBUS. 

UJCINA   MULTILAMELLATA  P,  Deshayes.     (PI.  VIII,  Fig.  7.) 

Lucina  multilamellaia,  Deshayes:    Encyclopedie  Methodique,  vol.  ii  (1830),  p.  3 
(not  fij^ured).     Hoernes,  "Fobs.  Moll.  Tert.-Beck.   Wien*' :    Abhandl.  k. 
geol.  Reichs.,  vol.  iv  (1864),  p.  227,  pi.  xxxiii,  fig.  2.      Fucbs:    Palsont- 
graphicii,  vol.  xxx  (1883),  p.  39  (21),  pi.  vi  (i),  fig.  12. 

DKS(iRirTioN. — The  Egyptian  collection  contains  a  series  of  caaa 
helonKin":  to  a  lenticular  and  suborbicular  shell  with  both  valv^ 
in  contact,  which  resembles  very  strongly  Fiichs'  interpretation 
this    8pf>cie8   as    figured    by    him    in    the    Falceontographica,      T 
surface  irregularities  on  the  interior  of  the  valves,  alluded   to 
Deshayes  in  the  original  description,  are  well  seen  in  the  speoime 
besides  some  obscure  indications  of  radial  strice. 

DiMKNSioNS. — Height,  62  mm. ;  length,  54  mm. ;  diameter,  24  m.  ""^ 

Horizon.  —Miocene  (Helvetian). 

Distribution. — Bordeaux;  Vienna  Basin.  Egypt:  Siwa  (Fuch^)»* 
l).>(ween  Camps  19  and  22  (2c)  and  S.E.  of  Camp  19  (48c).  C«^>^'- 
Geol.  Surv.  Egypt,  No.  830,  Box  No.  2c;  No.  871,  Box  No.  48c. 

Geuu3  TELLINA,  Liunieus. 

Systema  Naturee,  10th  ed.  (1768),  p.  674. 
Type. — T.  radiafa,  Liun<TU8. 

TELLINA   LACUNOSA,  Chemnitz. 
T'  'Una  I'tnwotft,  Chemnitz  :  Conchylien-Cabinet,  vol.  vi  (1782),  p.  92,  pi.  ix,  fig-  'S- 
Ti  lima  papyracea,   Gmelin :    Liuuncus'    Systema  Natune,   13tli  ed.   (1790),   vol-  *• 

pt.  C,  p.  3,231. 
Tf^limi  (lohida,  Brocclii:    Conch.  Foss.  Subapenuina,  vol.  ii  (1814),  p.  613,  pi.  ***' 
%.  10. 
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^Atfia  laeuHosa,  Hoernet,  **  Foss.  Moll.  Tert.-Beck.  Wien"  :   Abhandl.  k.  k.  ^eol. 

Heichs.,  toI.  iv  (18o9),  p.  91,  pi.  ix,  fig.  1.  Fuchs :  Denk.  Akad.  Wias.  (Wien), 

Tol.  xxxriii  (1878),  pt.  2,  p.  86. 
^^eiltM  tumida,  Segnenza,  "  Form.  Ten.  Reggio  (Calabria)  "  :   Mem.  Atti  R.  Accad. 

Lincei,  ser.  m,  vol.  tI  (1880),  p.  73. 

Dksobiption. — Shell  roundly  ovate,  ventrioose,  possessing  a  wide 
I>o8tero-inedian  depression  in  the  right  valve  and  a  peculiarly  twisted 
"v-enlral  region. 

DiMKNBiOMS. — Height,  48  mm. ;  length,  53  mm. ;  diameter,  25  mm. 

Kemarks. — Represented  by  some  oasts  exhibiting  attached  valves, 

'^i^hich  have  been  compared  with  recent  examples  of  this  species 

^rom   Guinea,  and  found  to  agree  in  all  essential   details.     They 

^how  the  central  depression  of  the   right  valve,  a   more  inflated 

left  valve,  and  the  typical  flexuosity  of  the  ventral  area.     No  scar 

Impressions   are   visible,   but  the   posterior  oblique  area,  reaching 

#'rom  the  beaks  to  the  infero-ventral  margin,  is  well  defined.     Two 

"valves,  Box  No.  48'  e,  are  doubtfully  referred  to  this  species ;   they 

vnay  be  young  forms. 

Horizon. — Miocene  (Burdigalian). 

Distribution. — Recent,  from  the  Guinea  Coast ;  fossil  from  Italy, 
Switzerland,  South  of  France,  Vienna  Basin,  etc.  E^ypt :  Jebel 
Geneffe  (Fuchs)  ;  Camp  6  (52a)  and  S.E.  Camp  19  (48»c).  Coll. 
Ceol.  Surv.  Egypt,  No.  641,  Box  No.  52a ;  No.  871,  Box  No.  48»  c. 

Genus  MERETRIX,  Lamarck. 

M6m.  Soc.  Hist.  Nat.  Paris,  1799,  p.  85. 
Ttpb. —  Venut  tntr$triXj  Linnseus. 

MERETRIX  ERYCINA,  Linn»u8,  sp. 

^^U8  tryeina,  LinniBUs:  Systema  Naturee,  vol.  i  (1767),  pt.  2,  p.  1,131. 
^th§rea  $rye\noide»^  Lamarck:    Hist.  Nat.  Anim.  sans  Vert.,  vol.  t  (1818),  p.  581. 
^U\$tm  0ryeina,  H.  &  A.  Adams  :  Genera  of  Recent  Moliusca,  vol.  ii  (1857),  p.  425. 
^thnea  ertfcina^  Hoemes,  '*  Foss.  Moll.  Tert.-Beck.  Wien'* :  Abhandl.  k.  k.  geol. 

Reichs.,  toI.  iv  (1861),  p.  154,  pi.  xix,  figs.  1,  2. 
^tkerea  eryeinoida,  Seguenza,  '*  Form.  Terz.  Heggio  (Calabria)  "  :   Mem.  Atti  R. 
Accad.  Lincei,  ser.  m,  vol.  vi  (1880),  pp.  62,  60,  119. 

BcsOBiPTioN. — Shell  transversely  oval,  ouneiform  ;  wide,  short, 
^))d  round  anteriorly ;  round,  acuminate,  and  produced  in  rear ; 
'^rfaoe  ornamented  with  depressed  concentric  sulcations. 

Dimensions  (valves  in  aitH), — Height,  48  mm. ;  length,  37  mm. ; 
diameter,  23  mm. 

BsaiABKS. — The  Egyptian  specimens  referred  to  this  species 
^^e  somewhat  obscure  and  imperfect,  though  that  from  which  the 
^bove  dimensions  are  taken  is  in  fairly  good  condition  and  shows 
^be  shape  of  the  shell  as  well  as  the  typical  parallel,  obtuse 
^Ulcations  which  ornament  its  valves.  There  is  a  long  synonymy 
*^  the  species  which  is  well  set  out  in  Hoernes'  work,  but  not 
^^peated  here. 

Horizon. — Miocene  (Burdigalian). 

DisTBiBUTiON. — Bordeaux;    North    and    South    Italy;     Gironde 
in  ;    Khone   Basin  ;     Portugal  ;    Vienna   Basin,    etc.      l^gW^  ^ 
^mp  6.    Coll.  QeoL  Surv.  E^ypt,  No.  640,  Box  No.  bla. 
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MERETBIX,  aUied  to  HAGENOWI,  Donker,  sp. 

Ci/th/rea  Sogenowi^  Dunker  :   NoTitates  Conchologicse,  1866,  pi.  ii,  No.  2,  p.  IS^ 
pi.  It,  figs.  13-15;  ZeitMhr.  Malakozoologie  (Menke  &  Pfeiffer),  1849,  p.  184. 

Desobiption.  —  Shell  obaraoterized  by  its  roanded  posterior 
margiD  and  rather  shallow  valves,  ornamented  with  nomerous 
regular,  ooncentrio,  and  rather  obsolete  plications. 

Kemabks. — An  imperfect  right  valve  contained  in  this  oolleotion 
appears  to  be  closely  allied  to  this  species,  and  differs  chiefly  in 
exhibiting  a  strongly  pronounced  concentric  sculptare.  It,  however, 
compares  favourably  with  a  recent  specimen  from  the  Bed  Sea  in 
the  British  Museum  identified  as  this  species. 

Dimensions. — Height,  50  mm. ;  length,  60  mm. ;  diameter,  about 
12  mm. 

Horizon. — Miocene  (Burdigalian). 

Distribution.  —  Egypt :  Camp  6.  Coll.  Geol.  Surv.  Egypt, 
No.  640,  Box  No.  61»  a. 

MERETRIX  LAMARCKI,  Agawix,  ip. 
Cytherea  nitidula,  Baaterot,  <*  Deec.  G£ol.  Tert.  Sad-Onest  France*':   M6in.  Boe. 

Hist.  Nat.  Paria,  toI.  ii  (1826),  pt.  1,  p.  91,  mm  Lamarck.    Goldfuaa:   Petre- 

facta  OermaniiB,  yoI.  ii  (1840),  p.  239,  pi.  cxiix,  fig.  11. 
Cytherea  Zamareki,  Agassiz,  "  loono^phie  Coquilles  Tertiaires  ** :   Nout.  M^m. 

Soc.  Helr^tique  &i.  Nat.,  toI.  Tii  (1846),  p.  39,  pi.  yii,  fin.  1-4.    Hoernes, 

*'  Fo88.  Moll.  Tert.-Beck.  Wien"  :  Abhandl.  k.  k.  geol.  ReidiB.,  toI.  iw  (1B61), 

p.  153,  pi.  XTiii,  fig.  6. 

Description. — Species  ovate,  transverse,  ventrioose,  inequilateral ; 
wide  and  round  anteriorly  and  in  rear ;  lunule  prominent ;  posterior 
area  lanceolate  ;  margins  closed. 

Dimensions. — Height,  44  mm. ;  length,  56  mm. ;  diameter,  28  mm. 

Remarks. — An  internal  cast  of  both  valves  in  ait  A  represents  this 
shell.  Its  careful  comparison  with  the  excellent  figures  of  Agas^iz 
and  Hoemes  leaves  no  room  for  doubt  that  it  belongs  to  this  form. 
The  elegant  rounded  and  ventrioose  character  of  this  species  is  well 
maintained  in  the  specimen. 

Horizon. — Miocene  (Burdigalian). 

Distribution.  —  Bordeaux;  Westphalia;  Vienna  Basin,  etc. 
Egypt :  Camp  6.     Coll.  Geol.  Surv.  Egypt,  No.  641,  Box  No.  52»  a. 

[BIVALVE  :   INDETERMINABLE.] 

Remarks.  —  A  badly  preserved  specimen  —  not  identifiable,  but 
probably  belonging  to  the  genus  Meretrix, 

Horizon. — Miocene  (Burdigalian). 

Distribution.  —  Egypt :  Camp  6.  Coll.  Geol.  Surv.  Egypt, 
No.  640,  Box  No.  51»  a. 

Genus  VENUS,  Linnieus. 

Systema  Natune,  lOth  ed.  (1768),  p.  684. 
Type. —  Venue  eh ione,  LiniKOiis. 

VENUS  BURDIGALENSIS  P,  Mayer-Eymar. 
Venus  Burdigalentity  Mayer-Eymar :   Joum.  CoDchyliologie,  »6r.  ii,  vol.  iii  (18/>8), 
p.   298;    ibid.,  a6r.  n,  vol.  iv  (I860),  pi.  t,  tig.  4  ;    Svst.  Vera.  Foes.  Beste 
Madmra,  etc.,  18G4,  p.  19.      Hoernes,   "  Foss.    Moll.   I^crt.-Beck.    Wien  *' : 
Abhandl.  k.  k.  gcul.  Eoiclis.,  Tol.  iv  (1861),  p.  129,  pi.  x?,  fig.  1. 
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Bemabks. — Three  internal  oastB  of  a  Venus  with  attached  valves 
^re  referred  doohtfully  to  this  specieB.  They  are  of  similar 
proportionate  size  to  the  type,  and  preserve  the  same  obliquely 
carved  outline  of  the  dorso-posterior  area.  The  lunule  is  large 
and  deeply  excavated,  whilst  the  esoutcheon  is  long,  wide,  and 
ianoeolate.  No  pallial  impression  is  seen,  and  the  muscular  scars 
are  nearly  obsolete. 

Dimensions. — Height,  60  mm. ;  length,  68  mm. ;  diameter,  38  mm. 

Horizon. — Miocene  (Bui*digalian). 

DiSTBiBUTiON. — Bordeaux ;  Yienna  Basin  ;  Island  of  Baixo, 
Madeira.  Egypt :  Camp  6.  Coll.  Geol.  Surv.  Egypt,  No.  1,002, 
Box  No.  47c. 

VENUS,  sp. 

Bemarks. — Bepresented  by  two  imperfect  casts,  which  exhibit 
a  deep  excavation  beneath  the  beaks  corresponding  to  the  lunule ; 
on  the  other  side  is  a  prominent  lanceolate  depression  representing 
the  escutcheon  area.  A  concentric  lamellose  ornamentation  is 
somewhat  obscurely  seen  in  one  of  the  specimens.  They  are 
probably  the  moulds  of  Venus  jlieaia,  Gmelin. 

DiMKNSioNS. — Height,  35  mm. ;  length,  40  mm. ;  diameter,  23  mm. 

Horizon. — Miocene  (Tortonian). 

Distribution.  —  Egypt :  Camp  9.  Coll.  Geol.  Surv.  Egypt, 
No.  642,  Box  No.  53»  a. 

EXPLANATION  OF  PLATE  VIII. 

TuRKiTBLLA  TEKEBRALI8,  LamETck.     Helvetian  of  Jebel  Geneife. 
Fio.  1. — Sereral  examples  on  a  small  slab  of  yellowish  sandstone. 

Ptrula  condita,  Brongniart.     Helvetian  of  Camp  22. 

Fio.  2. — Back  view  of  specimen. 

FiQ.  3. — Front  aspect,  snowing  aperture. 

Cancellakia,  sp.    Helvetian  :  between  Camps  19  and  22. 

Fio.  4. — Front  aspect  of  shell. 

Fio.  5. — Back  view  of  same  specimen. 

Amussium  CRI8TATUM,  Bronn,  sp.     Tortonian :  probably  from  Camp  21 . 

Fio.  6. — Fragment  showing  the  internal  surface  of  a  valve  and  its  pairs  of  costal 
rays  ;  attached  to  a  valve  of  Feeten  aeuticostatut, 

hvciSA  MULTiLAMBLLATA ?,  Dcshayos.    Helvetian:  between  Camps  19  and  22. 
Fio.  7. — Cast  of  specimen  with  indications  of  radial  striss. 

EXPLANATION   OF  PLATE  IX. 
OsTRBA  FucHSiAMA,  sp.  uoT.     Tortouian  I  from  Camp  19. 
Fio.  1. — External  view  of  lower  valve,  exhibiting  the  radial  ridges  and  spines. 
Fio.  2. — Internal  view  of  same  specimen,  showing  small  ligamental  area  and  extensive 
muscular  scar. 

Cabdium,  sp.     Tortonian  :   Camp  9. 
Fio.  3. — Cast  of  a  specimen  showing  vertical  striation. 
Fio.  4. — Umbonal  view  of  same  specimen. 

[The  figures  on  both  Plates  are  drawn  natural  lize.] 
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Y. — Zones  and  '  Chbonologioal  '  Maps. 

By  A.  J.  JuxES-BROinrNB,  B.A.,  F.G.8. 

MODERN  Btratigraphioal  geologists,  both  those  who  study  ths 
PalsBozoio  and  those  who  are  occupied  with  the  Neozoic  rooks 
are  largely  concerned  with  the  establishment  of  zones;  in  othei 
words,  the  zonal  method  of  subdivision  has  been  recognized  as  the 
best  means  of  correlating  the  stratigraphical  succession  in  one 
area  with  that  of  another.  But  when  it  comes  to  giving  an  ezaol 
definition  of  a  zone  there  does  not  appear  to  be  the  same  unanimib 
of  opinion,  and  consequently  it  seems  desirable  that  some  well — 
considered  definition  of  a  zone  should  be  put  forward  and  discussed   J 

The  conceptions  of  a  zone  which  have  from  time  to  time  beei 
expressed  by  different  English  writers  may,  I  think,  be  arranged  ii 
two  sets,  according  as  they  give  prominence  to  one  of  two  differeur 
ideas.     One  set  of  writers  have  regarded  the  essential  idea  of  a  txmm 
to  be  an  assemblage  of  fossils  which  could  be  traced  over  a  more  oc 
less  extended  geographical  area ;  other  writers  consider  a  zone  to 
an  actual  belt  or  band  of  stratified  rock  characterized  by  a  oertaiu^ 
number  of  fossil  species. 

Most  of  the  earlier  English  writers  on  this  subject  used  the  tenrm 
*  zones  of  life,'  and  it  is  probable  that  this  imparted  to  some  mind^* 
an  erroneous  impression  that  such  zones  were  zoological  assemblages^ 
or  faunas,  and  were  only  useful  as  aids  in  determining  a  sequenc^Si 
which  was  established  on  a  different  basis. 

Another  phrase  frequently  used  was  'Ammonite   zones,'  whicl^ 
naturally  led  to  the  fallacy  that  zones  were  established  solely  on  th^ 
occurrence  of  certain  species  of  Ammonites  without  reference  to 
the  distribution  of  other  kinds  of  fossils. 

One  of  the  earliest  investigators  of  zones  in  this  country  wa* 
J)r.  Thomas  Wright,  and  though  he  makes  use  of  the  terms  'life- 
zones  '  and  '  Ammonite  zones,'  yet  it  is  quite  clear  from  his  writin^a 
that  by  a  zone  of  the  Lias  he  means  an  actual  subdivision  of  the 
Lias,  a  group  of  beds  containing  an  assemblage  of  fossils,  some  of 
wiiich  are  restricted  to  the  zone.* 

Mr.  11.  Tate,  writing  in  1867  of  Liassio  zones,  says :  "  The  zone  is 
a  zoological  one  and  signifies  an  assemblage  of  species,  and  whetlier 
you  call  it  Lias  a  or  Lias  /3,  or  the  zones  of  Ammonites  planorbia 
and  Ammonites  angulatus,  tlie  succession  of  faunas  in  the  Lower  Lias 
htill  remains  patent,  and  it  is  to  these  several  faunas  that  the  term 
Ammonite  z(me  is  applied."  * 

This  passage  is  somewhat  confused,  for  he  defines  a  zone  as  a  fauna, 
and  yet  says  it  mijjjht  equally  well  be  called  Lias  a,  /i,  etc.,  which  are 
stratigraphical  subdivisions.  In  1875,  however,  he  expresses  himself 
much  more  clearly,  for  he  writes  that  '*  the  strata  [of  the  Lias]  admit 
of  a  grouping  into  zones  after  their  palroontological  characters,  and 
further  into  regions  of  Ammonites,  a  classification  as  much  in 
harmony  with  facts  as  that  of  the  Oolitic  rocks  into  formations."  ■ 

*  Quart.  Journ.  Grol.  Soc,  vol.  xvi  (1860),  p.  374  ;  and  **  The  Lias  Ammonites." 
Mun    i';i].  Soc,  187S-0.  ^  Quart.  Journ.  Geol.  Soc,  >ol.  xiiii,  p.  '60v, 

^  Quart,  JouTJj.  Geol.  Soc,  vol.  xxx\,  y).  4^'i. 
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^^6  mistaken  ideas  prevalent  between  1860  and  1870  respeoting 
^^Ties  are  reflected  by  Mr.  0.  Moore,  who  makes  some  observations 
0^  the  "value  of  zones  of  zoological  life/'  which  show  that  he 
thought  the  fauna  of  a  zone  was  supposed  to  be  strictly  confined 
to  it,  and  he  indicates  some  exceptions  to  the  supposed  law.^ 

Professor  Phillips  seems  to  have  regarded  zones  as  relating  to  the 
anoceision  of  species  belonging  to  some  single  order  or  class ;  thus, 
&fter  referring  to  the  useful  results  obtained  from  a  study  of 
*  Ammonite  zones/  he  says  :  "  the  same  method  ....  ought 
to  be  applied  in  all  cases  of  large  groups ;  we  should  have  zones 
^f  Echinodermata,  Brachiopoda,  etc.,  treated  independently  of  the 
Cephalopoda,  with  which  they  would  not  necessarily  synchronize, 
^d  finally  all  would  be  combined  into  a  true  system  of  geologic^il 
chronology."'  No  doubt  such  a  study  would  be  very  useful,  but  the 
idea  of  a  zone  conveyed  by  Phillips  is  not  that  held  and  expressed 
yy  those  who  were  then  actually  working  at  zones  ;  it  does  not  even 
imply  a  zonal  fauna,  much  less  a  set  of  strata  identified  by  such 
^  fanna. 

In  an  earlier  publication,  however,  Phillips  seems  to  have  used 
the  term  zone  in  a  sense  which  approaches  more  closely  to  its 
formal  signification.  He  says : '  ''A  palroontologist  finds  the  whole 
^^rboniferous  Period  one,  though  in  it  are  several  zones  distinguish- 
able by  the  prevalence  of  a  few  types  and  by  the  paucity  or  absence 
<>r  others." 

It  is  evident  that  the  men  of  Phillips'  generation  were  not 
^Onsistent  in  their  use  of  the  term  zone,  and  that  few  of  them 
*^^d  seen  the  necessity  of  formulating  a  clear  definition.  Since 
^^80  this  necessity  has  been  more  felt,  and  the  value  of  the  zonal 
^^ethod  has  been  more  fully  recognized.  In  some  quarters,  however, 
^^ere  is  still  a  lurking  antagonism  to  it,  and  a  disposition  to  regard 
^^  as  a  method  which  is  based  on  a  different  principle  from  that 
^^hich  guides  ordinary  stratigraphical  work.  1  hope,  however,  to 
^liow  in  the  sequel  that  this  is  a  mistake. 

It  is  curious  to  find  Mr.  H.  B.  Woodward  so  late  as  1892  defining 

^  zone  in  a  zoological  and  not  a  stratigraphical  sense,  and  stating 

^\iat    "zones  are   assemblages  of  organic   remains,  of  which   one 

Abundant  and  characteristic  form  is  chosen  as  an  index,"  though 

^u  a  later  paragraph  he  remarks  that  ''the  essential  idea  of  a  zone 

^«    that  it  marks   a  period   of  time."^     It  is  quite  true  that  one 

Essential  idea  of  a  zone  is  that  it  corresponds  to  a  period  of  time,  but 

'S^f  BO,  it  seems  to  me  that  it  must  also  correspond  with  the  depth  of 

Pediment  formed  during  that  period.     This  sediment,  of  course,  will 

>rary  in  depth  and  character  from  place  to  place,  but  it  unquestion- 

"^bly  forms  a  band  or  zone  of  sedimentary  material,  and  it  must  be, 

^^  say  the  least,  as  correct  to  define  a  zone  as  a  band  of  stratified 

^ock  as  to  call  it  an  assemblage  of  fossils.    This  is  certainly  the  view 

taken  by  most  recent  writers. 

'  Quart.  Joum.  Geol.  Soc,  vol.  xxiii,  p.  510. 

*  "Geoloey  of  Oxford,**  1879,  p.  132. 

'  Quart.  Joum.  Geol.  Soc.,  vol  xvi  (IH60),  Pres.  Add.,  p.  x\xvm. 

♦  "  On  (Hohgical  Zones  ";  Proo.  Geol.  Assoc,  vol.  xu,  p.  l^ft. 


218  A,  J,  Jukee-Browne — Zones  and  Maps. 

To  select  a  few  out  of  many  authorities  the  following  may  \z:^ 
mentioned  : — 

(1)  Professor  Lap  worth  states  that  Btages  or  gpx>np8  of  strat"^ 
''  are  divisible  into  zones  or  minor  groups  of  strata."  See  ''  Intrc^^ 
ductory  Textbook"  (Page  <fe  Lapworth),  1888,  p.  125,  and  •' Intei-r: 
mediate  Textbook,"  1899,  p.  165. 

(2)  Eayser  <fe  Lake,  who  give  the  same  definition.  ("  Teztboolfl 
of  Comparative  Geology,"  1895,  p.  6.) 

(3)  Sir  A.  Geikie—**  Textbook  of  Geology,"  first  edition  (1882)^ 
p.  635,  and  third  edition  (1893),  p.  678 — defines  a  zone  as  a  bed,  or  « 
a  limited  number  of  beds,  charaoterized  by  one  or  more  distinctive 

f088ils. 

(4)  Mr.  S.  S.  Buckman,  who  remarks :  ''  I  take  it  that  of  late  yearr— 
the  stratum  or  strata  oharacterized  by  an  assemblage  of  organi*  2 
remains,  more  or  less  peculiar  thereto,  has  been  regarded  as  a  zone.^  ^ 
(Quart.  Joum.  Geol.  Soo.,  xlix,  1893,  p.  481.) 

(5)  Mr.  J.  E.  Marr,  who  defines  zones  as  "belts  of  strata,  eacl^^ 
of  which  is  characterized  by  an  assemblage  of  organic  remains,  cr^ 
which  one  abundant  and  characteristic  form  is  chosen  as  an  index/  - 
(*•  Principles  of  Stratigraphical  Geology,"  1899,  p.  68.) 

In  view  of  this  consensus  of  recent  opinion  it  is  surprising  to  fin»  - 
that  the  reviewer  of  Mr.  MaiT*s  book  in  the  Gbolooioal  MAOAZiNr:— 
for  February  dissents  from  the  definition  just  quoted,  and  says 
'*  Zones  must  be  identified  by  fossils,  and  not  by  the  strata ;  an^* 
therefore  they  serve  to  indicate  periods  of  time  rather  than  masse*  ^ 
of  sediment.  We  could  hardly  speak  of  a  zone  which  is  representee^ 
partly  in  Upper  Greensand,  partly  in  Red  Chalk,  and  partly  ixi 
Gault  Clay  as  forming  a  belt  of  strata"  (op.  cit,  p.  85). 

This  is  not  a  very  lucid  statement,  but  the  reviewer  evidently 
objects  to  a  zone  being  regarded  as  a  definite  stratigraphical  unit ; 
he  is  attached  to  the  old  lithological  method  of  classification,  and 
does  not  believe  in  mapping  by  fossils.  But  he  should  not  find  fault 
with  Mr.  Marr  for  giving  expression  to  the  general  belief  of  the 
day — and,  as  we  have  seen,  according  to  that  general  belief  a  zone 
in  a  group  of  strata;  further,  as  a  zone  literally  means  a  girdle  or 
belt,  it  is  correct  to  use  that  word  in  defining  it. 

Again,  if  the  same  assemblage  of  fossils  can  be  traced  from 
a  Greensand  area  through  a  Gault  area  and  into  one  of  Red  Chalk, 
does  not  that  assemblage  occupy  a  belt  of  strata?  The  belt  may 
vary  in  thickness,  but  that  does  not  matter ;  it  may  not  only  pass 
laterally  from  sand  to  clay,  but  it  may  in  one  district  include  both 
Hand  and  clay,  and  such  variation  does  not  make  it  any  the  less 
a  band  or  belt  of  strata. 

I'he  zonal  method,  in  fact,  is  merely  a  development  of  William 
Smith's  original  method  of  identifying  formations  by  means  of  the 
organic  remains  which  they  contain.  Just  as  one  stage  is  identified 
and  distinguished  from  others  by  the  assemblage  of  fossils  it  contains, 
so  in  its  turn  is  the  zone  identified  by  its  fossils.  The  stage  is  not 
a  fauna,  but  a  subdivision  of  a  series  or  system  of  strata,  and  in  like 
jnanner  tho  zone  is  a  subdivision  of  a  stage.     The  reviewer  appears 
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j^  be  quite  unaware  that  this   ia   the  accepted  view  of  a  zone ; 
^^  may,  of  course,  still  maintain   that  he  is  right  and  that  the 
^^thorities  I  have  quoted  are  wrong,  but  if  so,  something  more 
^tisfactory  in  the  way  of  argument  will  be  expected  from  him. 

Why,  again,  should  the  reviewer  deem  it  impossible  to  produce 

^Uch   maps  as  Mr.  Marr  has  expressed  a  desire  to  see — maps  in 

^Lich  the  colours  should  rigidly  signify  stages  or  divisions  founded 

On  palasontological  evidence,  and  not  in  any  way -on' the  lithological 

^aoies  of  the  rocks.     He  intimates  that  the  Cretaceous  stages   of 

Albian,  Cenomanian,  etc.,  could  not  be  mapped  in  this  way,  but 

I   have  probably  had  as  much  experience  of   these  strata  as  the 

iBviewer,  and  I  will  undertake  to  say  that  they  could  be  mapped  by 

palseontological  evidence,  though  of  course  the  surveyor  would  have 

to  know  his  fossils  well  to  start  with. 

It  is  a  mistake  to  suppose  that  the  only  kind  of  geological  map 
Whiob  can  be  of  any  use  is  one  showing  the  different  kinds  of 
rock  which  occur  in  a  given  district.  That  is  doubtless  the  kind 
of  map  which  is  best  suited  for  economical  purposes,  and  as  such 
it  is  the  kind  of  map  issued  by  our  Geological  Survey  and  by  the 
Service  de  la  Carte  Oeologique  de  la  France ;  but  that  is,  after  all. 
Only  one  kind  of  geological  map.  There  is  certainly  another  kind, 
more  stnctly  scientific  and  just  as  truly  stratigrapliical ;  this  may 
l>e  called  a  chronological  map,  though  a  better  term  might  be  found 
for  it,  and  the  smallest  division  shown  by  colour  on  such  a  map 
"^ronld  be  a  stage,  such  as  Bathonian  or  Turonian. 

There  would  be  no  more  difficulty  in  producing  a  series  of  such 
Xuape  than  there  is  in  drawing  a  line  between  the  Gault  and  the  Upper 
Greensand  in  Surrey  and  Hampshire,  a  task  which  I  commend  to 
%iie  reviewer,  and  to  any  geologists  wlio  still  believe  in  the  exceeding 
Usefulness  of  such  divisions  as  Gault  and  Upper  Greensaud. 

As  a  matter  of  fact,  I  am  informed  by  my  friend  Professor  Barrois 
'^hat  the  Geological  Service  of  France  is  actually  now  issuing  such 
^3iaps ;  sheets  on  a  scale  of  i tsVit?  >  with  a  system  of  coloration  by 
stages  and  showing  what  we  will  call  the  'solid  geology'  only, 
"^rithont  obscuration  by  superficial  deposits. 

When,  therefore,  Mr.  Marr  asserts  that  "  for  theoretical  purposes 

^wo   sets  of    chronological   maps,   one    founded    upon   lithological 

differences,  the  other  upon  differences  of  fossil  organisms,  would 

T)e  extremely  valuable,"  ^  he  should  be  commended  for  his  foresight, 

«nd  he  will  doubtless  be  glad  to  know  that  in  one  country,  at  least, 

the  need  for  such  maps  has  not  only  been  felt  but  met. 

The  mapping  of  zones  would  be  a  more  difficult  matter,  though  in 
many  cases  of  well-established  zones  it  could  doubtless  be  done  at 
once ;  but  it  is  safe  to  say  that  in  process  of  time,  when  the  zonal 
snooession  in  every  formation  has  been  more  fully  studied  and  fairly 
well  established,  the  larger  zonal  divisions  or  groups  of  sub-zones 
conld  be  distinguished  on  such  maps,  either  by  tints  of  the  *  stage ' 
colour  or  by  a  system  of  lettering. 


1  ti 


Principles  of  Stratigraphical  Geology,"  pp.  16  Wi^^l. 
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YL  —  Qv  TBI  Atbu«b  OoMPOBmmr  ov  BBmw  Imnaau  Boo 

By  AuruD  Habxib,  ¥.▲.,  F.G.8.,  Nlow  d  Si  Jolnli  OoOift^  0Mbri4| 

11HE  nibjeot  of  the  Avange  oomporition  of  ooUeotions  of  rm 
bM  been  dealt  with  in  e  peper  pabliihed  leu  yaon  ago 
Mr.  F.  W.  Clarke  on  "Hie  Beleave  Abondanoe  of  the  Ghomi 
Elementa.**  ^  The  object  of  that  paper  waa  to  anriTe  at  an  eatin 
of  the  mean  ohemioal  oompoaition  of  the  earth'a  oniat^  1 
inoidentally  the  anther  ahowa  a  doae  oornqMndeooa  betwi 
tlie  mean  oompoaitionB  of  groopa  of  miaoellaneoaa  rooka  fr 
different  regiona.  It  appeara  from  hia  fignrea  thai  a  uodat 
number  of  analyaea — leaa  than  a  hundred— if  taken  withont  a 
Beleotion,  ia  enough  to  giro  vitlue  to  their  mean.  It  may  thmaC 
be  of  interest  to  apply  the  method  to  our  own  oonntiy.  I  hi 
aooordingly  ooUeoted  published  analyaea  of  897  Brituh  ignai 
rooka,  via.,  196  Engliah,  81  Welah,  79  Soottish,  and  92  Ixi 
and  oalonlated  their  mean*  By  aearohing  it  would  doabtleaa 
posaible  to  find  additional  analyaea,  though  probably  nol  mai 
and  the  number  taken  ia  quite  anffiinent  for  our  pnrpoaau  I  hi 
taken  all  the  complete  analyaea  that  I  found,  except  a  very  I 
known  to  be  ftiulty,  since  it  is  the  essence  of  the  statiatioal  omCI 
that  no  aeleotion  ahould  be  ezeroiaed.  Partial  analvaaa  I  have  i 
used,  with  the  exception  of  78  analyaea  of  Malvern  nbka 
Timins,  in  which  the  alkalies  were  not  aatimated.  Hie  mk 
given  by  the  897  analyses  (or  in  the  case  of  the  alkaliea  by  81 
appears  in  Column  I. 


I. 

II. 

III. 

British  Rocks. 

BaiTiBH  Rocks 
(oo&rbctid). 

AmuGAV  Roc 

SiO, 

68-76 

68-46 

69-77 

TiO, 

0-12 

0-69 

0-6S 

A1,0, 

16-64 

16-13 

16-88 

Fe,0, 

6-34 

6-34 

2-66 

FeO 

2-40 

2*40 

8-36 

MnO 

0-16 

0-40 

0-09 

MgO 

4-09 

8-84 

4*40 

CaO 

4-98 

4-98 

4-81 

Na,0 

8-26 

8-26 

8-61 

E«0 

2-74 

2-74 

2-8S 

n,o 

2*23 

2-23 

1*61 

P2O5 

0-02 

0-26 

e*2i 

99-71  99-71  9914 

These  figures,  however,  need  some  oorreotions  for  Tarious  reaao 
In  particular,  certain  constituents  have  not  been  determined  in 
cases.  Titanic  acid  was  estimated  in  30  analyses  only  and  recorc 
as  *  traces '  in  4  others.  The  mean  for  the  84  rooks  is  1*89.  T 
is  doubtless  too  high  a  figure  to  be  inserted  in  the  general  avera 
because  titanio  acid  has  usually  been  sought  in  such  rooks  (chi( 
of  basic  and  ultra-basic  composition)  as  were  expected  to  yield 
in    noteworthy    quantity.      Since   some    arbitrary    assumption 

1  Bull.  Phil.  Soc.  Washington,  toI.  zi  (1889),  pp.  131-142;   also  in  Chm 
^'iftcs tor  Jm,  llf  1890. 
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|?'^^6ffsaTy,  I  have  balyed  the  figure,  and  taken  the  titanic  aoid  as 
^^9  per  cent  The  difference  between  this  and  0*12  is  to  be 
^^btracted  from  the  silica  and  alumina,  and  half  has  been  taken 
I^^Om  each.  The  same  reasoning  does  not  apply,  at  least  in  the  same 
^^^ree,  to  manganese  and  phosphoric  acid.  Manganous  oxide  was 
^^timated  in  103  analyses  and  recorded  as  traces  in  61.  The  mean 
'Or  these  154  rooks  is  0*40,  and  this  figure  may  be  adopted  in 
l^he  general  average  without  fear  of  much  error.  The  difference 
between  0*40  and  0*15  is  to  be  subtracted  from  the  magnesia. 
-Phosphoric  anhydride  was  estimated  in  35  analyses  only  and 
Recorded  as  traces  in  20.  The  mean  for  these  55  rocks  is  0*25, 
^od  this  figure  may  be  adopted  in  the  general  mean,  the  difference 
between  this  and  0*02  being  accordingly  subtracted  from  the 
alumina.  The  result  as  thus  corrected  is  seen  in  column  II.  In 
the  paper  already  cited  Clarke  gives  the  mean  analysis  of  880 
luisoellaneous  rocks,  American  and  others;  but  I  quote  for  com- 
parison, instead  of  this,  a  mean  analysis  of  American  rooks 
exclusively,  given  in  a  later  work  by  the  same  author.*  lliis, 
'Wbich  is  calculated  from  680  complete  analyses,  supplemented 
by  a  number  of  partial  analyses,  is  given  in  column  III. 

There  are  still  certain  points  to  be  observed  in  comparing  the 
t^NTO  columns.  In  157  of  our  397  analyses  ferrous  oxide  was  not 
estimated.  The  figure  for  this  constituent  is  therefore  too  low 
^nd  that  for  ferric  oxide  correspondingly  too  high.  Again,  the 
Mrater  has  not  always  been  estimated  in  the  same  way.  In  many 
of  the  analyses  only  the  loss  on  ignition  has  been  determined, 
^nd  by  taking  this  as  water  I  have  no  doubt  increased  unduly 
t.be  figure  for  that  constituent.  Carbonic  aoid,  chlorine,  fluorine, 
^nd  sulphur,  when  separately  estimated  in  the  analyses,  have  been 
c^iscarded.  These,  of  which  only  the  first  is  of  importance,  are 
"therefore  partly  included,  together  with  *  loss  *  and  errors,  in  the 
0-29  per  cent,  required  to  make  up  the  total  to  100.  This  defect 
s^hould  really  be  somewhat  greater,  since  a  certain  amount  of 
Xerrous  oxide  has  been  reckoned  as  ferric. 

The  British  mean  is  seen  to  have  a  rather  lower  silica-percentage 

%h%u  the  American,  though  it  agrees  closely  enough  with  the  figure 

^58*59)  in  Clarke's  old  mean  for  rocks  from  various  quarters  of  the 

^lobe.     The  difference  is  perhaps  not  a  significant  one.     As  regards 

titanic  acid  and  alumina,  the  two  columuH  show  a  fair  correspondence. 

The  British  rocks  are  evidently  richer  in  iron  than  the  American. 

The  proportions  of  the  two  oxides  are,  as  has  been  remarked,  not 

correct,  and  it  is  not  possible  to  rectify  them  ;  but  converting  the 

whole  to  ferric  oxide,  we  get  8*01  for  column  II,  as  compared  with 

6*37  for  column  III.    The  relatively  high  percentage  of  manganese  in 

the  British  rocks  is  certainly  of  significance,  and  must  be  regarded 

as  a  characteristic  of  the  whole  assemblage.     The  precise  figure  is 

not  to  be  insisted    upon,  since   it   has   been   reached   in   a   rather 

arbitrary  fashion  ;  but  even  in  column  I,  where  all  rocks  in  which 

manganese  had  not  been  recorded  were  assumed  to  contain  none,  the 

1  Clarke  &  Bniehrand,  ''Analyses  o(  Eocks  '* ;   Bull.  14S,  \5  .^.^.^.,  \^^'\ . 
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figure  IB  very  distinctly  higher  than  Clarke's.  We  see  next  thn 
the  British  rooks  are  poorer  in  magnesia,  and  rather  poorer  in  sod 
than  the  American,  while  in  lime  and  potash  the  two  colamns  shov 
no  great  disparity.  The  alkalies  jointly  amount  to  5*99  in  th 
one  column  as  compared  with  6*44  in  the  other.  We  might  hav 
anticipated  a  greater  deficiency  in  alkalies  in  the  British  rocks,  an< 
also  a  more  marked  excess  of  lime,  as  compared  with  the  American 
since  the  majority  of  our  rocks  belong  decidedly  to  what  Iddings  ha 
styled  the  <  Sub- Alkali '  rather  than  to  the  '  Alkali '  group,  while  botl 
groups  are  well  represented  in  the  United  States,  llie  apparently 
rather  large  percentage  of  water  in  column  II  must  be  due  in  par 
to  tlie  circumstances  already  noted.  In  phosphoric  acid  there  is  j 
sufficiently  close  agreement  between  the  two  ayerages. 

If  we  were  to  separate  the  English,  Scottish,  and  Irish  rocks,  am 
calculate  averages  for  the  several  groups,  we  should  find  that  thesi 
would  be  disturbed  by  principles  of  selection  which  have  enterec 
into  the  choice  of  the  rocks  analyzed,  llius  we  have  a  largi 
number  of  analyses  of  Irish  granites  by  Professor  Hr.ughton,  whil< 
the  Scottish  granites  have  been  comparatively  neglected.  This  goei 
to  make  the  Irish  average  more  acid  and  the  Scottish  more  basi( 
than  the  general  mean.  Nevertheless,  it  would  no  doubt  be  possible 
to  get  results  of  interest  for  even  smaller  areAs,  provided  that  rocb 
8uflioiently  various  in  kind  are  included  ;  and,  if  we  take  account  ol 
partial  as  well  as  complete  analyses,  we  shall  find  for  some  areas  a 
considerable  body  of  data.  For  example,  96  igneous  rocks  from  the 
English  Lake  District  give  a  mean  silica-percentage  58*75,  not  verji 
different  from  that  of  the  general  average;  but  82  examples  from 
the  Malvern  Hills  give  only  54*81.  The  low  figure  in  the  lattci 
case  can  scarcely  be  accidental.  It  is  worthy  of  note,  too,  that  ol 
78  igneous  rocks  from  the  Malverns,  Tirains  estimated  copper  oxide 
in  21  and  recorded  traces  in  11  others,  the  mean  percentage  being 
U-2;i  for  these  32  rocks,  or  012  for  the  whole  78.  This  is  at  leasl 
twenty  times  as  great  as  any  probable  estimate  for  the  general 
average  of  rocks. 

The  mean  specific  gravity  of  a  large  number  of  igneous  rockt 
from  a  given  district  will  probably  be  found  in  some  cases  to  b€ 
characteristic.  Of  the  397  analysed  British  rocks  included  above, 
specific  gravities  are  given  for  209,  the  mean  value  being  2*777. 
V>y  including  527  miscellaneous  igneous  rocks  from  various  district! 
of  Britain,  we  find  the  mean  specific  gravity  of  the  whole  736  to 
he  2-7G3.  Taking  the  two  special  districts  already  mentioned,  wc 
find  that  113  Lake  District  rocks  give  a  mean  specitic  gravity  2*737. 
decidedly  below  the  average,  while  38  from  the  Malverns  give  2*841, 
>vhich  is  decidedly  above  the  average.  The  preponderance  of  basic 
rocks  in  Skye  comes  out  less  strikingly,  332  miscellaneous  igneouc 
rocks  from  that  island  giving  a  mean  of  2*774.  In  all  sucli 
calculations  it  is  of  course  essential  that  no  selection  should  be 
exercised,  the  rocks  being  taken  at  random  so  as  fairly  to  represent 
the  variety  found  within  the  district 
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^.--On     THB    DaTJBS     of     THB    '<  P^LtONTOLOGIC    FrANCAISB  "     OF 

D'Obbiont. 
By  0.  Datibs  Shbbborn. 

THE  first  six  ▼olumes  of  Oretaoeous  Fossils  and  the  first  two 
Tolumes  of  Jurassic  Fossils,  described  io  this  work,  were  issued 
^thoQt  exact  dates,  and  consequently  have  caused  much  confusion 
in  nomenclature. 

Information  has  been  obtained  from  many  sources,  but  that  from 
the  iVieues  Jahrhueh  seems  on  the  whole  more  continuously  exact 

CRETACEOUS   SERIES. 
Vol.  I. — Cephalopoda. 

liir.  1-3,  1840  (N.J.,  1840,  p.  690).     One  sheet  to  each  livr. 

3  [4]  -  21,  1841  (N. J.,  1841,  p.  463). 

12  [22] -17  [27],         1841  (N.J.,  1842,  p.  104). 
28-32,  1841  (N.J.,  1842,  p.  236). 

33-42,  pp.  431-662,  1842  (N.J.,  1842,  p.  466). 

The  above  is  the  evidence   from   the  Neues  Jahrhueh  as  regards 

'Vol.  i,  but  it  is  evidently  so  carelessly  recorded,  markedly  so  in 

<!oinparison   with  the  later  records,   that  one   must  take   further 

evidence.     We  find  that  the  Geological  Society  of  London  received 

^  a  present  from  the  author  livraisons  1-20,  and  of  these  livraisons 

^  and  10  were  received  on  January  4,  1841.     It  will  be  quite  safe, 

^^lerefore,  to  regard   livrs.  1-10  as  belonging  to   1840.     Now  the 

^tw%  Jahrhueh  says  that  each  of  the  three   first  parts  contained 

^^e  sheet,  and  an  examination  of  the  volume  shows  that  on  this 

f^aumption  livrs.  1-10  would  contain  120  pp.  (for  the  sheets  are 

^^  4*8  and  8*s).     The  Neuea  Jahrhueh  is  very  clear  as  to  the  pages 

^^btained   in  livrs.  33-42,  and   as   this  is  the  beginning  of  their 

^Tefal  record,  one  may  accept  the  statement  as  accurate,  and  we  are 

-*efb  with  pp.  121-430  for  the  year  1841.      My  friend  Mr.  G.  C. 

^ciok,  who  has  examined  this  volume  with  me,  agrees  in  determining 

^*^e  date  of  vol.  i,  Cretaceous  Cephalopoda,  as — 

pp.      1-120,  1840. 
121-430,  1841. 
431-662,  1842. 
Sapplement,  1847  (see  below,  vol.  iii). 

-*  oe  farther  volumes  present  no  difficulties,  and  there  appears  no 
^^son  to  doubt  the  record  furnished  by  the  Neues  Jahrhueh. 

^^'  II. — Gastbropoda. 

XAyt.    43-48           pp.      1-80  1842  ...  (N.J.,  1842,  p.  843) 

49-60                     81-288  1843  ...  1843         602 

y                    61-70                  289-466  1843  ...  1844           60 

^^-  III. — Pblkctpoda. 

liTT.    71-76  pp.      1-96  1844         ...         (N.J.,  1844,  p.  461) 

77-90  97-288         1844         ...  1845         195 

91-102  289-448         1845         ...  1845         809 

103-106  449-480         1846         ...  1846         479 

107-111  481-620         1846         ...  1847         198 

112-116  621-676         1847         ...  1847        467 

117-126  677-688  and  Supplement  to  vol.  i  (Ceph.),  consisting  of 

livr.  1  and  2,  pp.  1-28,  pis.  ii-ix : 

1847         ...         (N.3.,\^41,  ^.^T\>| 
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1A\T.  127-136         pp. 
Vol.  IV^ — Brachiopoda. 


689-807 


1-16 

17-32 

33-104 

106-200 

201-328 

329-390 


pp. 


137, 138 

139-144 

146-162 

163-110  [160] 

161-164 
YoL.  v.— Bryozoa. 
Livr.  166, 166 

165-168 

169-176 

177-182 

183-188 

189-194 

196-202 

203-208 

209-214 

216-218 
Vol.  VI. — EcHiNoiDBA. 

Livr.  209[219]-226   pp.  1-128 


1-28 

1-60 
61-188 
189-265 
266-376 
377-472 
473-600 
601-792 
793-984 
986-1192 


227-238 
239,  240 
241-248 
249, 260 
261-264 
266, 266 

'9' 

r 


129-266 
267-272 
273-328 
329-362 
363-384 
386-400 
401-432 
433-560 


1848 

1848 
1849 
1860 
1860 
1851 

1851 

1851 

1861 

1852 

1852 

1862 

1853 

1853 

1852 [3] 

1854 

1854 

1865 

1855 

1866 

1866 

1867 

1858 
[1858] 
[1860] 


(N.J.,  1848,  p.  560) 


1849 
1850 
1850 
1851 
1851 


81 

62 

436 

186 

437 


(N.J.,  1851,  p.  580) 

1851  683 

1852  61 
1852  808 

1852  606 
1862  945 

1853  448 

1853  820 

1854  328 

1854  432 

(N.J.,  1855.  p.  65) 

1855  683 

1856  30 
1866  677 

1857  156 

1857  818 

1858  208 


With  p.   433  of  this  vohime  d'Orhigny's  work    finished;    p.    -^ 
l)e«^in8  with  the  foHowing  note: — 

'*  Ici   se  termine  le  texte  iinprime  avant  la  mort  de  d'Orbig 
Xe    vonlant    pas    laisser   ce    volume    inacheve,    nous    avons    rei 
a  M.  Cotteau,  qui   a  hien  voulu  f»e  charger  de  les  co-ordonner, 
notes  inanuscrits  laissoes  par  I'auteur."     (Note  de  Tediteur,  Ao 

I8r,9.) 

As  new  species  of  Cotteau  appear  dated  1859  on  pp.  495  and  54 
]»p.  433-00(3  would  appear  to  (late  as  1860. 


JURASSIC   SERIES. 


Vol.  T 


Vol. 


T. — Cephalopoda. 

A\r.       1-0              pp.       1-80 

1842 

6-11 

81-144 

1843 

12   16 

145-192 

1843 

17-19 

193-224 

1844 

20-27 

22.5-312 

1844 

28-33 

313-368 

1845 

34,  36 

369-392 

1846 

36  40 

393-432 

1846 

41 

(plates  onlv) 

42-45 

433-464' 

1847 

46-50 

465-496 

1818 

51 

497-504 

1848 

52-54 

605-620 

1849 

55-58 

621-668 

1850 

69-62 

569-632 

1850 

63,64 

633-642 

II. — Gastbropoda. 

1-16 

1851 

66 

17-32 

1851 

(N.J.,  1842, 

p.  843) 

1843 

602 

1844 

60 

1844 

461 

1845 

195 

1845 

809 

1846 

479 

1847 

198 

1847 

467 

1847 

827 

1848 

560 

1849 

81 

1850 

52 

1850 

436 

1851 

166 

1851 

437 

1851 

580 
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"*>.     65. 6«  nn-      a.'U4«  1851 

1861 
1862 
1862 
1862 
1863 
1863 

1852  [3]  ... 
1864 
1864 
1866 
1866 
1866 
1856 
1857 
[1860] 

.  "With  p.  636  of  this  yolume  D'Orbigny'e  work  finished  ;  precisely 
'^Q  same  editorial  note  is  given  on  p.  537  as  has  been  quoted  under 
Ol.  vi  of  the  Cretaceous  Series,  with  the  exception  of  the  date, 
s^lich  is  "  Octobre  "  instead  of  "  AotlL"  Pages  637  to  the  end  of 
bis  volume  may  therefore  be  regarded  as  dated  1860. 
Started  afresh  in  1861,  the  Committee  of  Publication  for  the 
Pal4ontologie  Fran^aise"  has  followed  the  excellent  practice  of 
•tinting  an  official  statement  of  the  dates  of  publication  in  each 
olume.  These  present  notes  will,  I  trust,  help  to  clear  away  many 
ifficulties  in  zoological  nomenclature. 


66,66 

pp.  33-48 

67-70 

49-112 

71-73 

113-152 

74-76 

153-192 

77-79 

193-232 

80-83 

233-288 

84-86 

289-336 

87-89 

337-384 

90 

385-392 

91-94 

393-424 

96-100 

425-472 

101 

473-480 

102-106 

481-512 

106 

513-520 

106  [71,  108 

521-536 

n 

537-eiid 

(N.J., 

>  1851, 

p.  683) 

1852 

61 

1862 

30S 

1852 

606 

1862 

945 

1863 

448 

1863 

820 

1864 

329 

1854 

432 

1856 

66 

1866 

683 

1856 

30 

1866 

677 

1857 

166 

1867 

318 

?HE  Drift  ob  Glaoial  Dkposits  of  Atbshirb.  By  John  Smith. 
(Reprinted  from  the  Transactions  of  the  Geological  Society  of 
Glasgow,  vol.  xi,  Supplement.)  8vo  ;  pp.  134,  with  Index. 
(Glasgow,  1898.) 

rHAT  this  is  an  age  of  detail  is  well  exemplified  in  the  present 
memoir.  The  author  records  particulars  of  numerous  sections 
f  glacial  drift  in  various  parts  of  Ayrshire,  and  illustrates  his 
bservations  by  means  of  a  sketch-map  and  fifty-two  diagrams.  The 
S^eological  Survey  in  Scotland  has  been  singularly  behindhand  in 
•ublishing  Drift  Maps  of  the  country,  for,  with  the  exception  of 
ome  few  six-inch  maps  where  the  Glacial  gravels  and  Boulder* clay 
re  represented  by  a  vague  kind  of  stippling,  no  representations  of 
bese  Drifts  have  as  yet  been  published.  This  is  much  to  be  regretted 
onsidering  the  scientific  interest  as  well  as  the  practical  value 
ttached  to  such  maps  ;  and  the  map  now  published  by  Mr.  Smith 
ails  to  give  any  adequate  idea  of  the  distribution  of  the  Drift.  The 
.uthor's  observations  lead  him  to  conclude  that  the  Ayrshire  drift- 
teds  comprise  about  eight  divisions.  In  some  sections  he  finds  four 
Mulder-clays,  and  in  all  he  notes  the  presence  of  marine  fossils, 
before  beginning  his  critical  examination  he  believed  that  the 
rarions  Boulder-clays  were  'ground-moraines';  eventually  he  came 
o  the  conclusion  that  they  were  deposited  in  water.  That  some  of 
lis  Boulder-clays,  such  as  he  describes  as  pebbly  clays,  may  have 
}een  deposited  in  water,  is  not  likely  to  be  queBtVou^.    Iti  Q^\i^T 
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crtsea.  where  "the  Boalder-oUya  appear  oooaaionally  to  have  b 
<liHgge<j,  ni\A  in  Buoh  oasee  tlte  slooeB  are  more  inteaaety  strii 
and  the  shells  scratched,  the  underlying  rook  being  aometimei  < 
u|)  and  mixed  with  the  bottom  of  the  clay  where  the  latter  is  tb 
we  slioutd  diacurn  more  direct  evidence  of  land-ice  than  the  au 
is  willing  to  admit.  He  contents  himeelf  with  the  suggestion 
alter  the  depoaition  of  the  beds  "  they  have  evidently  been  Bubje< 
in  many  localities,  to  oonEJderable  derormation,  chiefly  by 
niovenieiit  of  land-ice."  It  is  hardly  neoessary  to  point  out 
ihe  occurrence  of  Foraminifera  ie  no  teet  of  the  marine  origin  oi 
(le|msita  ae  they  now  occur,  any  more  than  would  bo  the  occurt 
of  Gryphira  arcaala  Or  BelemtiiteM  abbrematut.  It  is  admitted 
iiivi  great  bulk  of  the  marine  ehells  ooour  as  fragments,  and 
a  ft;w  are  ecratuhed  and  polished  ;  and  they  are  recorded  hy 
author  as  occurring  in  the  Ayrshire  drift-beds  from  a  dept 
an  leet  below,  to  an  altitude  of  1,061  feet  above,  aea-level.  He 
not  K]}ecit'y  the  forms  found  at  the  different  levels  and  localities, 
judging  from  bis  short  general  list,  four  species  occur  freque 
and  a  dozen  or  more  oooasionatly  in  the  Drifts.  There  an 
indications  from  Ihe  mollusoa  of  the  varying  depths  of  water  dv 
the  time  of  the  supposed  marine  submergence.  Leaving 
Kpeculative  portions  of  the  author's  memoir,  we  cannot  doubt 
the  numerous  facts  recorded  by  him  will  be  of  service  to 
workers  on  the  subject  of  glacial  phenomena. 
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^"Vered   with   coarse,  hard,  and   stiflf  hair.     He  noticed   that  the 

I^^nU  ossiclea  formed  a  dense  armour  in  the  lower  layer  of  the 

^in   helow  the   hair.     He  concluded   that   the  skin  belonged   to 

mysterious  quadruped  which  had   been  described  to  him  some 

^^ars  before  by  the  late  Ramon  Lista.     He  therefore  named  the 

^^imal  Neomyladon  Listai, 

In  January  last  Dr.  P.  P.  Moreno,  Director  of  the  La  Plata 
^tuseum,  arrived  in  England  with  a  remarkable  piece  of  skin, 
^bont  half  a  metre  square,  which  he  believed  to  be  the  identical 
specimen  of  which  Dr.  Ameghino  had  obtained  some  fragments. 
Qe  exhibited  the  specimen  to  the  Zoological  Society  on  January  17th, 
Expressing  his  opinion  that  it  belonged  to  the  extinct  Mylodon, 
Jie  further  contributed  a  paper  on  this  interesting  discovery  to  the 
Same  Society  on  Februai'y  2l8t,  while  Mr.  A.  Smith  Woodward  added 
^  detailed  description  and  discussion  of  the  specimen. 

It  appears  that  the  piece  of  skin  in  question  was  observed  by 
I>r.  Moreno  early  last  year  hanging  in  a  tree  at  a  farm  near 
Oonsuelo  Cove,  Last  Hope  Inlet,  in  Southern  Patagonia.  On 
xnaking  inquiries  he  found  that  the  specimen  had  been  dug  up 
i^bout  two  years  previously  from  the  floor  of  a  cavern,  at  a  height 
of,  approximately,  200  metres  above  the  sea.  Dr.  Moreno  undertook 
fxirtber  excavations  at  the  spot,  unfortunately  without  success ; 
^nd  then  he  forwarded  the  specimen  by  Qoverument  transport 
'kjo  the  La  Plata  Museum  to  await  his  return. 

At  the  meeting  on  January  17th  much  incredulity  was  expressed 

CIS  to  the  antiquity  of  the  s[)ecimen  claimed  for  it  by  Dr.  Moreno. 

In   his  completed  paper,  on  February  2l8t,  he  therefore  supported 

liis   contention  by  mentioning  that  he  had  found  a  well-preserved 

^nummiGed  human  body  in  another  cavern  in  the  same  district,  and 

^his  certainly  belonged  to  an  extinct  race  of  great  antiquity,  unknown 

even  to  the  present  Tehuelche  Indians.     Although   the  skin    had 

a  very  fresh  appearance  and  had  evidently  been  stripped  off  the 

carcass  by  man,  there  was  thus  no  difficulty  in  believing  that  it 

really  dated  back  to  the  time  of  a  fauna  which  no  longer  survived. 

Mr.    Woodward    began    his    description    of    the    specimen    by 

remarking  upon  its  freshness,  and  pointed  to  the  abundant  coating 

of  dried  serum  on  the  old  cut  edges.     If  Dr.  Moreno  had  not  been 

able  to  give  so  circumstantial  an  account  of  the  discovery,  he  would, 

indeed,    have    unhesitatingly   pronounced    the   skin   to    belong    to 

a    Hecent    animal    killed    quite    lately.     At    one    corner    of    the 

specimen  he  thought  he  could  recognize  the  base  of  the  left  ear, 

and  thus  concluded  that  the  piece  of  skin  probably  belonged  to 

the    neck.      In    this    case    it   would    be   quite    large    enough    for 

JJylodon ;    but   he  noticed   some   slight   differences  in  the  minute 

structure   of    the   dermal    ossicles,    which   might    imply   that    the 

specimen  belonged  to  a  distinct  genus.     Indeed,  the  piece  of  skin 

was  observed  to  differ  from  the  known  dermal  armour  of  Mylodon, 

and  that  of  all  other  Edentata,  in  having  the  ossicles  confined  to 

the   lower  half    of    the  dermis,   while  the  covering   of    hair  was 

implanted  in  every  part  of  the  upper  half.     The  stiff  hair  most 
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closely  resembled  in  straoture  that  of  the  armadillos.    Mr.  Wood' 
had    searched    Lista's  writings   in   vain   for  a    reference   to    th^ 
mysterious  quadruped  mentioned  by  that  traveller  to  Amegfaino  ;  bu/ 
as  this  unknown  animal  was  said  to  be  only  about  aa  large  as  the 
Indian  pangolin,  it  was  evident  that  Neomf/lodon  Ustai  could  no^ 
be  the  creature  in  question. 

Since  the  Zoological  Society's  meeting  on  February  2lBt, 
Dr.  Einar  Ldnnberg*s  interesting  description  of  the  fragments  of 
skin  taken  by  Dr.  Otto  Nordenskjoid  to  Upeala,  has  reached 
England.  Dr.  Nordenskj5ld's  account  of  the  discovery  of  the 
specimen  agrees  with  that  of  Dr.  Moreno ;  but  the  Swedish  traveller 
was  fortunately  on  the  spot  so  early  as  April,  1896,  and  he  was 
able  to  make  an  exploration  of  the  cave  soon  after  the  skin  was 
found.  He  dug  up  the  sheath  of  a  large  Edentate  claw,  which 
])r.  Lonnberg  rightly  describes  as  almost  certainly  that  of  a  ground- 
sloth  ;  but  he  was  unable  to  meet  with  any  other  traces  of  the 
animal.  He  only  found  some  little  balls  of  fur,  not  of  Neomylodon, 
some  fragments,  probably  of  the  huanaco  (Auehenia),  portions  of 
human  bones,  and  a  piece  of  chipped  stone.  Dr.  Lonnbei^*a 
description  of  the  skin  agrees  closely  with  that  of  Mr.  Woodward, 
but  the  former  finds  less  difference  between  the  microscopical 
structure  of  the  ossicles  in  Neomylodon  and  Mylodon  than  is 
described  by  the  latter.  Dr.  Ldnnberg  also  supposes  that  the 
cuticle  of  the  hair  has  been  destroyed,  while  Mr.  Woodward  regards 
it  as  complete.  Both  agree,  however,  in  considering  the  animal 
to  have  been  of  very  large  size;  and  Dr.  Nordenskjoid  believes 
that  the  largest  piece  of  skin  he  saw  in  1896  was  at  least  1*5  metres 
in  length. 

Whether  the  piece  of  skin  in  question  belongs  to  a  recent  or 
to  an  extinct  animal,  there  are  thus  considerable  difficulties  in 
solving  the  problems  it  suggests.  If  it  does  belong  to  Mylodon^  as 
Dr.  Moreno  maintains,  it  implies  either  that  this  genus  survived  in 
Patagonia  to  a  comparatively  recent  date,  or  that  the  circumstances 
of  preservation  were  unique  in  the  cavern  where  the  specimen  was 
discovered.  On  the  other  hand,  if  it  belongs  to  a  distinct  and 
existing  genus,  as  Dr.  Ameghino  maintains,  and  as  most  of  the 
characters  of  the  specimen  itself  would  at  first  sight  suggest,  it  is 
indeed  strange  that  so  large  and  remarkable  a  quadruped  shonld 
have  hitherto  escaped  detection  in  a  country  which  has  been  so 
frequently  visited  by  scientific  explorers. 

GrO LOGICAL   SOOIKTY   OF   LoNDON. 

I, —February  22,  1899.— W.  Whitakor,  B.A.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  "On  Varieties  of  Serpentine  and  Associated  Hocks  in  Anglesey." 
J^y    Trofessor  T.  G.  Bonney,  D.Sc,  LL.D.,  V.P.R.S.,   F.G.S.,  and 
1^1  iss  C.  A.  lUisin,  D.So. 
The  paper  adds  certain  delaWa  to  Wi^  deacrij^tion  published   in 


I 
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^^1  by  Professor  Bonney,  and  notioes  some  important  outcrops 
^^ar  Llyn  Dinam  and  Llyn  Penrhyn. 

In  the  serpentine,  enstatite  frequently,  and  diallage  sometimes, 
^^e  present;  these  crystals  being  occasionally  lustre- mottled.  The 
^ost  remarkable  variety  (which  occurs  distinctly  at  seven  localities, 
although  generally  over  a  surface  of  only  a  few  square  feet)  is  that 
termed  'variolitic  serpentine.'  On  a  weathered  surface  knobs  project 
as  upon  a  variolitic  diabase;  these,  under  the  microscope,  are  found  to 
consist  mainly  of  fibrous  aggregates,  probably  actinolitic,  sometimes 
exhibiting  a  radial  structure,  but  rarely  a  concentric  one.  A  carbonate 
is  also  present  in  variable  amounts.  The  authors  think  that  probably 
the  original  magma  of  this  rock  was  differentiated,  one  part  repre- 
senting a  pyrozenic  constituent  and  becoming  modified  by  alteration 
into  the  spherules ;  the  other  (olivine)  produoing  ordinary  serpentine. 

Intrusive  in  the  serpentine  are  diallage-rock,  enstatite-rock,  and 
rocks  composed  of  both  these  minerals,  all  usually  containing  some 
serpentine.  Various  actinolitic  rocks,  often  truly  '  actinolitic  schists,' 
probably  have  been  derived  through  crushing  from  a  diallage-rock 
(or  one  allied  to  it).  Other  intrusive  rocks  are  the  gabbro,  which 
forms  large  important  masses,  a  dyke  of  enstatite-gabbro,  a  por- 
phyrite  (?),  and  some  greenstones. 

A  secondary  development  of  tufted  actinolite  (compared  by  the 
authors  with  the  actinolite  in  true  schists,  and  with  that  in  the 
Bastogne  rock)  is  described  from  at  least  four  localities.  It  is 
probably  an  indirect  result  of  crushing  in  rocks  which,  though 
petrographically  different,  all  originally  contained  a  pyroxenio 
mineral  which  has  been  reconstituted. 

Further  details  are  given  of  the  talc-schist  and  the  chlorite-schist  in 
this  district,  confirming  the  views  that  the  former  rock  is  a  modifica- 
tion of  a  serpentine,  and  that  the  latter  was  originally  intrusive. 

The  age  of  these  igneous  rocks  cannot  be  determined ;  but  they 
inust  be  earlier  than  the  great  earth- movements  to  which  the 
pressure-structures  are  due. 

2.  "Bemarks  on  the  Genera  Ectomaria,  Koken,  and  Hormotoma, 
Salter;  with  Descriptions  of  the  British  Species."  By  Miss  Jane 
Donald.     (Communicated  by  J.  G.  Goodchild,  Esq.,  F.G.S.) 

This  paper  deals  with  some  of  the  genera  into  which  the  family 
of  the  Murchisoniidae  has  been  divided,  and  confines  itself  to  the 
established  genus  Hormotoma,  Salter,  and  the  new  genus  Ectomaria, 
Koken,  which  contain  some  of  the  oldest  known  species  of  elongated 
Gasteropoda.  Both  forms  are  distinguished  from  the  typical 
Murchi»onia  by  merely  possessing  a  sinus  in  the  outer  lip,  instead 
of  having  a  deep  narrow  slit  with  parallel  edges ;  the  lines  of 
growth  also  retreat  towards,  and  advance  from,  the  sinus  more 
obliquely.  The  author  prefers  to  separate  the  elongated  shells  from 
the  shorter  Pleurotomariid»,  as  Koken  does,  and  to  let  the  former 
constitute  the  family  Murchisoniidse. 

The  genera  are  described  with  two  new  species  of  Ectomaria  and 
two  new  varieties  of  Ectomaria  pagoda,  Salt.  Six  new  ft^^e\e^  ol 
JBormoioma  are  abo  described,  together  with  the  B]^\ea  E.  SolUnx^ 
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Ulrich  &  Schofield,  H.  ?  grarilUma,  Salt.,   H,  eingulaia,  His.,  ai 
E.  articulata,  Sow.    The  species  of  Ectomaria  are  all  derived  frui 
the  Cambrian  and  Ordovioian  rocks  of  Scotland,  and  the  species  a — >i 
Bormoioma  from  various  beds,  ranging  from  tbe  Durness  Limestoc^  0 
to  the  Upper  Ludlow  rocks.     An  account  of  the  distribution  of  tta  « 
genera  over  Europe  and  America  is  also  given. 

II.— March  8,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in  tlia 
Chair.    The  following  communications  were  road : — 

1.  "An  Analysis  of  the  Genus  Mieraiter,  as  determined  by  rigM 
Zonal  Collecting,  from  the  Zone  of  Bhynehonella  Cuvieri  to  that  of 
Micr  aster  cor-anguinum"     By  Dr.  A.  W.  Bo  we,  P.G.S. 

The  author  has  endeavoured  to  show,  by  means  of  rig^d  zonal 
collecting  on  a  large  scale,  from  the  White  Chalk  of  the  Southern 
and  South-Eastern  coast-sections  of  England,  that  the  genus  Micraster 
18  one  and  the  same  form  gradually  evolving  from  the  more  simple 
to  the  more  complex.  In  doing  this,  he  also  contends  that  the  genus 
may  be  divided  into  definite  groups,  each  or  several  of  which  are 
absolutely  diagnostic  of  the  various  Chalk  zones,  as  defined  by 
Barrois.  The  conclusions  arrived  at  point  to  the  regular  and  oon- 
tiuuous  deposition  of  the  White  Chalk,  and  strikingly  oonfirm  the 
general  accuracy  of  Barrois's  zoning. 

The  paper  gives  a  minute  comparison  and  description  of  the 
genus  Micraster  from  a  general  point  of  view,  and  from  that  of 
a  group,  and  deals  particularly  with  the  essential  details  of  the  test 
of  the  especial  groups  characteristic  of  each  zone.  The  author  claims 
that,  60  far  as  Micraster  is  concerned,  each  zone  is  marked  by 
a  definite  facies  of  essential  characters  of  the  test,  which  are  purely 
horizDnal,  and  that  all  species  and  varieties,  however  divergent  they 
may  apparently  be,  occurring  at  any  given  horizon,  are  stamped  with 
the  impress  of  these  marked  horizonal  features. 

The  author  proves  that,  while  in  an  isolated  instance  one  may  l>e 
unable  to  decide  the  horizon  in  the  White  Chalk  whence  a  specimen 
of  Micraster  was  derived,  in  the  ninety -nine  other  cases  the 
diao;no8tic  features  described  by  him  ])oint  unerringly  to  the  exact 
horizon,  and  thus  afford  a  valuable  aid  to  stratigraphical  geology, 
especially  as  the  essential  zonal  features  of  the  test  are  easily  made 
out  in  the  field. 

The  author  discusses  the  four  groups  into  which  the  species  of 
Micraster  in  these  zones  may  be  placed,  and  describes  in  detail  the 
species  in  those  groups. 

The  paper  was  illustrated  by  photographs,  micro -photographs,  and 
lantern-slides. 

2.  **  On  a  Sill  and  Faulted  Tnlier  in  Tideswell  Dale  (Derbyshire)." 
By  H.  H.  Arnold-Bemrose,  Esq.,  M.A.,  F.G.S. 

The  compact  dolerite  in  the  marble  quarry  in  Tideswell  Dale  has 

been    p;enerally   described   as  a   lava;    but  Sir  A.  G«ikie,  in   his 

*  Ancient  Volcanoes  of  Great  Britain,"  suggested  the  possibility  that 

it  ini^ht  be  a  sill.      in  the  present  paper  the  author  endeavours 

to  prove  that  the  rock  is  reaWy  a  ^VW..    TVi^  OKyoi^^t  dolente  rests 
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^  ^^ectly   on   marraorized   Carboniferous  Limestone  in  part  of  the 

l^'^arry;  elsewhere  it  is  separated  from  it  by  vesicular  'toadstone* 

*^*    by  a  bed  of  clay  which  is  indurated  and  rendered  columnar  for 

^    ^considerable  depth.     Above  the  dolerite  comes  another  vesicular 

loadstone.'     Thus  the  dolerite  does  not  always  rest  on  rocks  of  the 

^^me  horizon;  while  the  amount  of  alteration  effected  by  it  is  far 

^"^•eater  than  is  usually  associated  with  lava-flows.     Taking  one  bed 

^^^  the  limestone  as  a  datum,  the  author  establishes  the  following 

^^ conclusions : — The  dolerite  does  not  cut  across  the  beds  of  lime- 

^^:one ;  the  clay  varies  in  thickness,  and  is  sometimes  absent ;  the 

^^lay  is  rendered  columnar  and  the  limestone  marmorized  to  a  con- 

^tdei*able  depth,  unless  vesicular  'toadstone'  of  sufficient  thickness 

i  Yitervenes,  when  the  '  toadstone'  itself  is  indurated  ;  the  base  of  the 

^c^ompact   dolerite  is  approximately  parallel   to  that   of  the  meta- 

Liorphosed  rock.     The  dolerite  itself  is  ophitic  at  its  centre,  granular 

bove  and  below,  and  fine-grained  at  its  margin  ;  it  is  different  in 

iiicroscopic  aspect  from  the  vesicular  *  toadstone.'     Descriptions  of 

lie  limestone  and  marble,  the  lavas,  tuffs,  and  clay,  are  also  given, 

uid  the  positions  of  the  faults  bounding  the  inlier  are  defined. 


coi&i&jEisi^oisrjD:E3iNroH- 

THE  AGE  OF  THE  VALE  OF  CLWYD. 

Sib, — In  the  article  on  this  subject  in  your  March  issue,  Mr.  Strahan 

Prefers  to  a  recent  paper  of  mine  on  *'  The  Carboniferous  Limestone 

^>f  the  Vale  of  Clwyd,"  *  and  to  a  difference  of  opinion  between  us 

«k8  to  the  period  during  which  the  faulting  of  the  strata  occurred. 

3Ie  states  that  "  We  differ  only  on  the  theoretical  question  whether 

^he  faulting  is  in  part  pre-Triassio  "  ;  but  it  seems  to  me  that  we  also 

differ  as  to  whether  the  Trias  anywhere  overlaps  the  older  rocks. 

3n  my  paper  it  is  stated  that  *'  I  failed  to  find  a  satisfactory  section 

showing  the  Trias  overlapping   any  portion    of  the  Carboniferous 

Limestone  or  the  Purple  Sandstone  in  the  Yale  of  Clwyd/'  and 

1  might  have  added,  **  or  the  Wenlock  Shale." 

Mr.  Strahan  gives  several  instances  where  he  supposes  the  Trias 
to  overlap  the  Limestone,  but  particularly  along  the  east  of  the 
ridge  on  the  west  of  Llanfair,  Dyffryn  Clwyd^  and  refers  to  *' the 
Trias  creeping  across  the  edges  of  zone  after  zone  of  the  limestone, 
until  near  Ruthin  half  that  formation  has  been  overlapped."  In  that 
locality  I  could  not  find  any  evidence  of  overlap,  but  that  it  was  the 
gradually  increasing  denudation  of  the  Limestone  from  south  to 
north  that  caused  it  to  become  several  hundred  feet  thinner.  Of  other 
examples  he  gives  Bodfari,  about  which  he  remarks  that  ^*  The 
evidence,  however,  is  more  suggestive  than  conclusive,"  and  he 
qualifies  his  references  in  like  manner  as  to  other  places.  I  have 
searched  in  vain  for  some  evidence  of  an  overlap  by  the  Trias,  but 
could  not  find  any. 

Mr.  Strahan,  in  support  of  the  pre-Triassic  faulting,  seems  to  rely 
on  the  N.N.W.  faults  so  general  along  the  west  of  the  British  Isles, 

»  Proc.  liTerpool  GeoL  Soc.,  vol.  viii  (ISST-ft"),  p.  %1. 
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anil  refers  to  the  Yale  of  Eden,  South  Wales,  and  other  distant  vtBB0 
in  conueotion  with  the  Yale  of  Clwyd.      In  my  paper,  however^ 
I  relied  on  the  same  system  of  faulting  in  South- West  Lanoashuv 
and  West  Cheshire — about  Liverpool  and  Birkenhead — where  there 
are  many  such  north-and-sonth  faults,  dislocating  the  Trias,  and 
varying  from  a  throw  of  a  few  up  to  1,000  and  even  2,000  feet,^ 
equal  to  any  in  the  Yale  of  Clwyd  and  all  indisputably  of  post- 
Triassic  age.     This  area  is  only  25  miles  from  the  Yale,  so  that  the 
conclusion  is  irresistible  that  the  faults  in  both  areas  were  produced 
at  the  same  time.    The  post-Triassio  faults  in  South- West  Lancashire 
and  West  Clieshire  are  as  great  dislocations  as  those  which  traverse 
the  Coal-measures  in  the  country  to  the  east,  the  only  difference  being 
that  the  Trias  has  been  denuded  from  off  the  older  strata,  after  the 
faulting  had  been  completed. 

With  the  exception  of  the  Carboniferous  Limestone,  there  are  few 
really  important  exposures  in  the  Yale  of  Clwyd,  and  most  of  them 
afford  considerable  scope  for  the  use  of  the  imagination,  and  it  la 
surprising  when  anyone  has  a  theory  to  uphold  how  facts  crop  up 
to  support  it.  I  have  my  theory,  and  appear  to  see  faults  where 
Mr.  Strahan  does  not,  while  he  thinks  he  can  see  evidences  of 
the  Trias  overlapping  the  Carboniferous  Limestone  and  perhaps 
the  Wenlock  Shale  where  I  do  not.  It  seems  to  me  that  it  is  the 
absence  of  good  sections  that  is  the  cause  of  the  difficulty. 

I  have  been  indebted  to  Mr.  Strahan  for  much  information,  and 
for  the  position  of  exposures  which,  however,  I  always  examined  for 
myself,  while  on  the  other  hand  I  constantly  informed  him  of  the 
progress  of  my  work  in  many  areas  in  North  Wales.  No  geologist 
is  u  more  careful  observer  than  Mr.  Strahan,  and  I  much  regret  that 
ho  left  the  Vale  of  Clwyd  before  I  began  to  examine  it  about  seven 
years  ago.  Still,  he  has  only  completed  a  portion  of  it,  so  that  when 
he  has  finished  there  may  be  little  difference  of  opinion  between  us. 

G.  H.  Morton. 

Liverpool,  March  20,  1899. 

THE  EASTERN  MARGIN   OF  THE  NORTH  ATLANTIC   BASIN. 

Sir, — Will  you  allow  me  briefly  to  reply  to  the  communications 
from  Admiral  Sir  William  Wharton  and  Mr.  Huc^leston  which 
ap{)ear  in  the  April  number  of  the  Gboloqioal  Magazine,  so  far 
as  they  concern  myself. 

Presuming  from  the  context  that  the  question  to  which  Admiral 
Wharton  was  invited  to  reply  refers  to  some  supposed  statement  of 
mine,  I  have  to  say  that  I  am  not  aware  of  ever  having  asserted  that 
there  are  "  submarine  vertical  precipices  7,000  feet  or  so  in  height," 
and,  therefore,  as  far  as  regards  anything  I  have  written  I  might 
leave  tlie  matter  to  others.  But  1  can  scarcely  conceal  from  myself 
that  the  words  have  been  put  into  my  mouth,  and  I  have  reason  to 
complain  that  no  reference  is  given  to  which  I  can  refer.  I  have, 
it  is  true,  called  the  sub-oceanic  *  slope,'  along  which  the  Continental 

'  Tin*  boundary  fault  (2.000  feci)  has  thi?  Trias  ouly  on  the  downthrow  Bide,  but 
heloic  the  country  was  denuded  the  Triu:96io  stiutu  were  on  both  eudes. 
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rV^tform  terminates,  *  an  escarpment '  or  *  declivity '  of  7,000  feet  or 

^ore,  but  that  is  a  very  different  thing  from  a  '  vertical  precipice ' 

^f  tlmt  height.     The  nearest  approach  to  the  above  qnotation  I  can 

find  in  what   I   have  written   is   in  my  paper   published  in  the 

mnsactions  of  the  Victorian  Institute  for  189(}-7,  and  subsequently 

in  the  Gbologioal  Magazine,  August,  1898,  in  which  I  state,  and 

state  truly,  if  the  soundings  are  correct,  that  the  escarpment  off 

the  Porcupine  Bank  of  7,800  feet  *'is  quite  precipitous"  (p.  354) ; 

also  that  there  is  *'a  sheer  precipice  of  5,000  feet  just  south  of  La 

Eochelle  Bank";  but  in  neither  case  do  I  use  the  word  *  vertical,' 

although,  in  some  parte  of  their  descent,  the  cliffs  no  doubt  are 

vertical.     I  draw  a  distinction  between  a  *  precipice '  and  a  *  vertical 

precipice.'     It  is  very  rarely  that  precipices  of  a  thousand  feet  and 

upwards  are  vertical ;  but  they  do  not  cease  to  be  precipitous  at  any 

angle  leas  than  (say)  about  45^  to  50^  from  the  vertical.    That  some 

faces  of  the  outer  declivity  approach  these  angles,  or  even  exceed 

them,  throughout  a  portion  of  their  descent  from  the  edge  of  the 

British-Continental  platform,  is  fully  borne  out  by  the  soundings, 

but  it  will  be  observed  that  this  is  a  very  different  statement  from 

that  which  has   drawn  forth   the   emphatic  reply  of  the   gallant 

Admiral. 

But  that  there  are  precipices,  in  the  sense  I  have  explained  above, 
of  6,000  or  7,000  feet  in  some  of  the  submerged  river  valleys,  such 
as  those  (presumably)  of  the  Mondego  (lat.  40^  30'  N.)  and  that 
which  lies  off  Cave  Carveiro  (lat.  39°  SO'  N.),  is  clearly  shown  by 
the  soundings.  I  cannot  expect  Admiral  Wliarton  to  have  recog- 
nized them;  for  even  in  tracing  by  a  light  dotted  line  the  100-fathom 
contour  on  the  Admiralty  Charts  the  draughtsman  has  sometimes 
lightly  skipped  across  these  indentations,  which  he  probably  con- 
sidered of  no  consequence ;  still,  there  they  are,  when  the  isobaths 
are  accurately  worked  out  1  cannot,  however,  but  feel  obliged  to 
Admiral  Wharton  for  his  quotation  from  the  report  of  Captain 
Hoskyn  when  he  says,  regarding  the  form  of  the  great  declivity  : 
'*  The  intermediate  soundings  give  no  evidence  [off  the  coast  of 
Iceland]  of  a  precipice,  but  a  mountain  of  this  height  on  the  land 
'would  present  an  imposing  appearance,  with  perhaps  some  steep 
escarpments."  This  is  exactly  my  own  view;  and  if  the  reader 
inrill  examine  the  sub-oceanic  sections  given  with  the  map  in  n^.y 
original  paper  in  the  Transactions  of  the  Yictoriti  Institute,  quoted 
above,  he  will  see  that  this  is  so. 

Referring  now  to  Mr.  Hudleston's  important  contribution  in  the 
March  and  April  numbers  of  the  Geological  Magazine,  I  have 
nothing  to  complain  of  the  manner  in  which  he  has  dealt  with  my 
own  views;  and  I  am  glad  that,  once  and  for  all,  he  has  given  his 
powerful  aid  in  favour  of  the  view  that  the  British-Continental 
shelf  was  at  a  formei'  time  a  land  surface,  and  that  **  so  long 
as  Professor  Hull  confines  himself  to  tracing  the  old  river-courses 
cut  in  the  continental  shelf  he  is  pretty  safe"  (p.  153).  It 
then  only  remains  to  be  determined  to  what  depth  below  the 
general  level  of  the  platform  the  chauueis  may  be  carried  duwu ; 
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ami  witlimit  Jrftwing  in  the  least  on  that  "9oienti6o  imagioation" 
with  which  in;  dietinguiahed  friend  i«  kind  enough  to  cndit 
me,  and  relying  only  on  the  use  of  my  reasoning  faoul'Ji 
I  maintain  tliat  they  mnst  be  carried  down  to  the  lowi^Bt  lenli 
shown  by  tlie  soundings,  sinoe  rivers  only  flow  at  the  bottom  ot 
their  vnlleynl  And,  in  this  connection,  let  me  a*k  Mr.  HudlMlon 
with  reference  to  his  plan  of  the  Gulf  of  Gascony  and  his  isobatliie 
cotitoui'B  of  100  fathoms  and  1,000  fathoms  of  the  Fosse  de  Cap 
ISreton  (p.  151).  why  has  he  left  the  latter  in  so  iuoomplete  a  state! 
The  l,UOO-fathum  contour  is  broken  in  two  just  above  the  point 
where  the  nurrow  channel  of  1,600  fathoms  opens  out  on  the  abyMsl 
flo'ir,  as  will  be  seeo  by  reference  to  the  map  itself.  Surely 
with  su  many  soundings  there  can  Lave  been  no  great  difGoultyin 
tarrying  the  1,000-fatliom  line  eastwards  to  the  point  of  crossing 
which  would  indicate  the  form  of  this  remarkable  sub-ooeanio ravins; 
antl  if  contours  of  intermediate  depths  (say  750,  600,  and  250 
fathoms)  had  been  traced,  they  would  have  thrown  additional  light 
on  its  form  and  character.  As  it  stands,  Mr.  Hudleston's  map  i* 
unintelligible,  and  reminds  me  of  that  of  M.  Elisee  Reclus,  wbi» 
leaves  the  mystery  of  the  Fosse  de  Cap  Breton  unsolved. 

Edward  Hdll. 

jtpril  T,  1899. 
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ll^^cker  in  that  district  than  has  hitherto  been  supposed.  It  must 
^  remembered  that  the  fossils  are  phosphatio,  and  the  section 
^^posed  when  I  was  there  in  1884  showed  that  they  lay  in  a  seam 
^f  phosphatio  nodules;  hence  some  of  them  may  have  been  derived 
'**oni  a  lower  horizon,  but  the  occurrence  of  8,  rostrata  and  S.  van'eosa 
Within  20  feet  of  the  base  of  the  Qault  remains  to  be  explained. 

A.  J.  Jukibs-Brownk. 
ToBQUAT,  April  10,  1899. 


JAMES   DIGUES   LA   TOUCHE,    B.A. 

BoBN  April  7»  1824.  Dibd  February  24,  1899. 

Some  five  and  forty  years  ago  the  Eev.  James  Digues  La  Touche  of 
Stokesay,  with  Humphrey  Salwey  and  Robert  Lightbody  of  Ludlow, 
formed  a  trio  of  ardent  students  of  the  geology  of  South  Shropshire. 
Surviving  his  fellow- workers  for  more  than  twenty  years,  the  late 
^icar  of  Stokesay  is  the  best  known  to  the  present  generation  of 
geologists,  and  moreover,  while  all  were  equally  willing  to  impart 
^o  others  their  intimate  knowledge  of  the  geology  of  their  neighbour- 
liood,  he  did  not  share  his  friends'  reluctance  to  commit  to  writing 
^lie  information  which  they  acquired. 

Id    his  earlier   geological   papers  he  attacked   two  problems  of 
^considerable  difficulty,  one  being  the  changes  which  sedimentary 
i^tKsks  nndergo  after  their  deposition  and  consolidation,  and  the  other 
\,\ie  amount  of  sediment  brought  down  by  rivers  as  a  measure  of  the 
extent  of  denudation  of  the  land.    While  we  may  not  fully  accept  his 
original  views  on  the  "  Mode  of  Formation  of  Limestone  Bands  ** 
^Geologist,  1863),  it  is  probable  that  *<  Nodules  in  the  Limestone 
of    Wenlock   Edge"    (Brit.   Assoc.    Rep.,    1865)    and    "Spheroidal 
Structure  in  Silurian   Rocks''   (Journ.  Geol.   Soc.   Ireland,   1871) 
^ave  been  formed  in  the  way  which  he  suggests,  so  that  his  first 
2>aper  merely  carries  his  theory  a  little  too  far.     The  difficulties 
encountered    in   the  study  of   the   "Alluvial  Deposits  of  Rivers" 
^Trans.  Woolhope  Field  Club,  1868)  and  the  **  Measurement  of  River- 
sediments"  (Geol.  Mao.,  1868)  are  of  quite  another  kind,  being 
chiefly  manipulative,  and  it  seems  a  pity  that  the  very  careful  and 
-well  thought-out  experiments  which  he  made  to  form  an  *'  Estimate 
of  the  Quantity  of  Sedimentary  Deposit  in  the  Onny  "  (Brit.  Assoc. 
Rep.,    1869)    should   have   terminated   with   his   **  Report  on    the 
Sedimentary  Deposits  of  the  River  Onny"  presented  to  the  British 
Association  in  1870,  and  published  as  one  of  the  '*  Reports  on  the 
State  of  Science"  in  the  volume  for  that  year.     His  papers  in  the 
Transactions  of  the  Woolhope  Field  Club  on  the  **  Geology  of  the 
District   around    the  Titterstone   Glee    Hill"    (1868)    and  on   tho 
"Geology  of  the  Longmynd  Hills"  (1870)  should  be  read  by  all 
who  wish  to  study  these  interesting  districts. 

His  principal  work,  however,  is  "  A  Handbook  of  the  Geology  of 
Shropshire,"  published  in   1884  (4to,  London  and  SYkY^v^^Xiwc^"^* 


■•  7i^-  "■/ 


236  ObititmfS09.  J.  2>.  Im  AffcAc 

(TommeDoiiig  with  «  siiooiiiot  bat  not  rmrj  fall  OMOoiit  of  tb0 
geologioal  formationiy  from  Pr^Oambrioa  to  Imo,  whioh  on  nprH 
seated  in  the  ooonty  of  Solop,  a  few  pafee  oro  ym  niefally  devoliA 
to  the  deioription  of  a  namber  of  routes  bj  wbioh  theee  fiinnatuaf 
may  be  seen  and  oonToniently  atadied,  tbo  beat  looalttieo  for  fiNvIt 
being  pointed  oat  The  roaiainder  and  maoh  the  graator  part  of  the 
work  ie  palmmtologioal,  ooneiating  of  deaoriptiona  of  foanla.  fint  of 
the  genera  and  then  of  the  speoieBy  whIoh  aro  dapioted  cm  22  phMa 
A  few  new  apeoiea  are  deaoribed  and  figared. 

In  July,  1872,  he  ooadnoted,  with  Prof.  Morria  and  Mr.  Lightbody, 
an  exoaraion  of  the  Oeologiata'  Aaaooiation  to  the  neighboarhood  of 
Ludlow  and  the  Longmynda,  whioh  waa  highly  aoooeaafoL 

Geology  wte  aot  hia  only  ioientlfio'atady ;  it  waa  bat  one  of  many. 
In  1876  he  oontrlbated  a  paper  to  the  Heteorolograal  flooiaty 
(a  resalt  of  a  yiait  to  Natal»  when  he  went  in  1874  to  aariat 
Bishop  Oolenao);  he  kept  a  rain-gange  and  othar  mataorologiQal 
instrumenta;  and  from  the  year  1876  the  rainfall  at  Sfokeaay 
Vioarage  has  appeared  annaally  in  Symona*  ''Britiak  Bainfall. 
Through  hia  aatronomioal  work  be  beoame  aoqoainted  wiA  Sir 
William  Hereohel,  grandaon  of  Heraohel  L  Ha  atodied  Buon- 
Boopical  petrology,  making  rook*aeotiona  with  a  maohine  of  hia 
own  designing  and  examining  them  nader  the  mioraaoopa  until 
his  eyesight  beoame  affi»oted»  when  he  tamed  hia  attentioQ  to  the 
praotioal  study  of  eleotrioity,  oonstruoting  the  neoeaaaiy  apparatus 
himself.  In  Natural  History  his  favourite  studies  wero  entomology 
and  botany;  he  was  expert  in  dissecting  insects,  and  be  made 
a  complete  collection  of  the  plants  of  his  neighbourhood.  In  his 
pariHh  is  the  only  British  locality  for  Aatrantia  majar,  and  he  waa 
proud  to  show  this  plant  growing  to  those  whom  he  could  traat  to 
look  and  not  to  take,  but  careful  not  to  do  so  to  the  mere  oolleotor. 
It  may  be  that  his  taste  for  botany  and  love  of  flowers  wero  acquired 
from  bis  intimate  friend  Sir  Joseph  Hooker.  He  had  conaiderable 
arcbceological  knowledge,  as  his  **  Guide  to  Stokesay  Caatle  *'  atteata, 
and  at  the  time  of  his  death  he  had  just  completed  a  history  of  his 
parish  intended  for  publication. 

With  these  diversified  studies  Mr.  La  Touche  waa  also  asaidaous 
in  parochial  work.  His  ancestors  on  both  sides  being  of  Hagoenct 
extraction,  he  appears  to  have  inherited  an  intense  desire,  with  the 
needful  ability,  to  help  those  around  him  to  acquire  aaeful  know- 
ledge and  to  become  expert  artisans.  He  not  only  taught  daily  in 
his  parish  schools  such  subjects  as  Latin,  French,  mathematioa,  land- 
surveying,  and  shorthand,  but  he  also  had  a  room  built  whiob  ha 
fitted  up  with  carpenter's  bench,  lathe,  and  a  chemical  laboratory, 
where  he  gave  praotioal  instruction  in  various  useful  arte,  iaoluding 
bookbinding.  His  fame  as  a  tutor  was  worldwide,  and  amongst 
his  private  pupils  were  sons  of  Bishop  Golenso,  of  Profeaaor  Max 
Miiller,  and  of  Sir  Joseph  Hooker,  and  two  nephews  of  Sir  Charlea 
Lyeli. 

As  Vicar  of  Stokesay  for  the  long  period  of  44  years,  he  bad 
endeared  himself  to  his  parishioners,  who  will  misa  his  oomoiauding 
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i>nt  genial  presence,  his  deep-toned  but  pleasant  and  oheerj  voice. 
Sq  leaves  a  widow,  three  sons,  and  two  daughters.  His  eldest  son, 
^ho  is  in  the  Church,  succeeds  his  father  as  Vicar  of  Stokesay ;  one 
'^  on  the  staff  of  the  Geological  Survey  of  India ;  and  the  other  is 
^  Civil  Engineer  in  the  Public  Works  Department  of  the  Madras 
*^r^idency.  J.  H. 

OTHNIEL  CHARLES  MARSH,  LL.D,  (YALE),  Ph.D.  (HEIDELBERG), 

Boaif  OcTOBBH  29,  1831.  Diso  Mabch  18,  1899. 

(WITH  A  PORTRAIT.) 
Science  of  late  has  become  so  cosmopolitan  in  its  interests  that 
^  Oe  loss  of  any  one  of  its  leading  members  is  felt  and  mourned  in 
^tstant    lands  as  keenly  as   in  the  University  in  which   he  may 
*^«ive  made  his  home. 

,^  A  while  since  we  had  to  regret  the  loss  of  Professor  Dames  of 

-^^«rlin ;    yesterday    we   deplored   that    of    Professor   Nicholson   of 

berdeen ;  to-day  we  mourn  the  loss  of  our  dear  American  cousin, 

rofessor  O.  C  Marsh  of  Yale.     Such  ties  of  sympathy  and  personal 

^^rd  tend  to  knit  more  closely  together  our  geological  friends 

>^ery  where,  and  we  join  hands  far  and  near  in  times  of  joy  and  sorrow. 

O.  C.  Marsh  was  bom  at  Lockport,  New  York,  October  29,  1831, 

>>id  graduated  at  Yale  in  1860.     Of  his  early  years  we  have  no 

etails,  but  it  may  be  inferred  that  it  was  due  to  the  interest  of  his 

ncle,  Mr.  George  Peabody,  that  after   his  schooldays  had  long 

nded  he  entered   Yale  College,  where  he  graduated  in  1860  at 

^  lie  age  of  29.     After  travelling  in  Canada  and  Nova  Scotia,  where 

^  te  discovered  remains  of  a  new  Enaliosaurian  {Eosaurus  Acadianus) 

^  n  the  Coal -formation  of  Nova  Scotia,  he  came  to  Europe  and  spent 

"^hree  years  in  the  Universities  of  Berlin,  Heidelberg,  and  Breslau, 

Xinder   Beyrich,   Ehrenberg,   Roemer,    and   other   famous   German 

I'rofessors. 

He  visited  London  in  1864,  and  whilst  diligently  studying  in  the 
British  Museum  he  became  acquainted  with  the  writer,  and  from 
that  time  a  warm  friendship  was  commenced,  which  lasted  to  the 
end.  A  letter  arrived  on  the  morning  of  the  20th  March,  addressed 
in  Marsh's  well-known  handwriting,  and  also  a  telegram,  the  former 
full  of  life  and  pleasant  hopes  and  promises,  the  latter  the  messenger 
of  death  :  "  Professor  Marsh  died  yesterday,  illness  short,  Beecher." 
Reverting  again  to  1864:  we  had  just  before  (1862)  secured  the 
famons  collection  of  Dr.  Haberlein  from  the  lithographic-stone 
quarries  of  Eichstatt,  in  Bavaria,  which,  among  other  treasures, 
contained  the  famous  Archaopteryx.  Marsh  at  that  time  devoted 
himself  diligently  to  the  investigation  of  the  fossil  Annelides,  and 
discovered  on  one  specimen  the  well-preserved  jaws  of  Belminthodes 
antiquus,  which  he  carefully  worked  out  with  his  own  hands  and 
afterwards  described  and  figured. 

Returning  to  America  in  1866,  he  joined  Professor  Sir  William 
Thomson  (now  Lord  Kelvin)  when  engaged  in  the  delicate  task  of 
picking  up  and  splicing  the  first  Anglo-American  cable  in  mid- 
Atlantic     The  same  year  he  was  offered  the  Chair  of  Palaeontology 
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at  Yale  University,  the  ProfessorBhip  being  instituted  for  him,  wiw^i 
there  he  remained  until  the  close  of  his  career.     Within  two  yea.  ^ 
after  his  appointment  Marsh  ceased  to  write  miscellaneous  papeF'^ 
and  devoted  all  his  time,  energies,  and  resources  to  the  pursuit  ^ 
Vertebrate  Palaeontology. 

Aided  by  the  liberality  of  his  uncle,  Mr.  George  Peabody,  tb^ 
founder  of  the  Peabody  Museum  of  the  Yale  University,  Mam^ 
commenced  a  series  of  expeditions  for  palseontologioal  purposes  t^ 
the  Rocky  Mountain  region  and  the  Far  West.     One  of  the  earlie*'^ 
of  these   was   in    1870,  and   lasted   more  than   five   months.     I 
extended  into  Kansas,  Nebraska,  and  Utah.     The  fossils  obtaini 
were  chiefly  from  the  "Loup  River"  Pliocene  and  the  "Mauvai 
Terres  "  or  Miocene,  both  deposits  having  been  accumulated  beneatt^" 
the   waters   of  enormous    fresh-water   lakes,   whose    banks    wer^^ 
tenanted  by  many  of  the  peculiar  Pachyderms  of  the  Paris  Basin.^ 
Many  species  of  fossil  horses  (one  of  them  allied  to  Hipparian),  o' 
Rhinoceroses,  of  Tttanotherium,  an  Efothertum,  camels,  and  oamivorefr 
were  secured.     These  old  lake-deposits  of  Miocene  age  abound  in 
remains    of    crocodiles,    serpents,   turtles,  and   fishes.      Numerous 
IMosasaurian    remains    also    were    obtained   in   Kansas.      Another 
expedition  followed  in  1874  to  the  south  of  the  Uintah  Mountains, 
and  was  equally  successful. 

From  the  date  of  Professor  Marsh's  establishment  at  Yale 
University,  a  long  succession  of  scientific  papers  appeared,  mostly 
in  SilliinanV  American  Journal  and  in  the  Geological  Magazine. 

Of  his  earlier  papers  may  be  mentioned  the  following: — On  the 
discovery  of  a  diminutive  npecies  of  fossil  horse  {£qnu8  parvuhis) ; 
Reptilian  remains  from  Brazil ;  Mosasauroid  reptiles  from  New  Jersey ; 
a  gij^untic  fossil  serpent  (iJinophis  (jramUs)  from  New  Jersey':  fossil 
birds  from  the  Cretaceous  and  Tertiary  ;  a  fossil  Gavial  from  New 
Jersey;  a  gigantic  species  of  Pterodactyle ;  new  Tertiary  mammals 
and  birds;  on  llefperornts  regalis,  a  toothed  bird;  notes  on  Ttnoccran; 
fossil  quadrumana  and  carnivora  from  Wyoming;  a  new  species  of 
Ichilnjornis'j  fossil  mammals  of  the  order  Dinocerata;  on  the  genus 
Tiuocera^,  etc. ;  on  the  structure  of  the  Brontotheriidae ;  new  equine 
iiKiniinals;  on  the  small  size  of  the  brain  in  Tertiary' mammals ;  on 
tlie  Tillodontia;  on  the  genus  Coryphodon;  on  the  Pterosauria ;  on 
the  Stegosauria.  a  new  order  of  extinct  Reptilia;  on  the  Sauranodonta 
and  principal  characters  of  American  Jurassic  Dinosaurs ;  on  Dino- 
sanrian  reptiles  from  the  Junissic  formation  ;  new  Jurassic  mammals. 

Professor  Marsh's  first  great  work  appeared  in  1880  on  the 
Odontonitthes,  a  monograph  on  the  extinct  toothed  birds  of  North 
America  (4to,  pp.  xv  +  201,  with  34  plates  and  40  woodcuts). 
(Vrtainly,  as  a  scientific  publication,  it  surpasses  any  which  have 
alrea<ly  appeared  devoted  to  pala}ontology. 

In  the  same  geological  horizon  with  the  Odoniorntlhes,  Professor 
]\hu>h  discovered  and  described  the  first  Pterodaettjles,  or  flying- 
lizards  of  America.  These  are  of  enormous  size,  having  a  spread  of 
^^in^s  of  nearly  25  feet,  and  were  specially  remarkable  for  having 
no  teeth,  hence  resembling  our  modern  birds. 


Obituary — Pro/es8or  0.  C.  March.  239 

^he  bird-like  Fossil  Footprints  of  the  Triassic  sandstones  from 
^'^Q  Connecticut  Valley  always  interested  Marsh,  and  he  keenly  and 
^^itioally  studied  them ;  as,  although  no  bones  had  been  found  near 
**^«m,  they  had  been  regarded  as  undoubted  footprints  of  birds, 
"^cause  it  was  supposed  that  birds  alone  could  make  such  series  of 
bipedal,  three-toed  tracks,  and  leave  no  impression  of  a  tail.  Marsh 
^as  able  in  later  years  to  show  that  these  bird-like  tracks  were 
^kost  probably  made  by  a  small  bipedal  reptile  named  Anchisaurusy 
L^  early  Triassio  dinosaur. 

In  1884  appeared  the  second  of  Marsh's  great  works,  a  Monograph 
*^  the  extinct  Diuocerata,  a  gigantic  order  of  Ungulate  mammals 
AVashington,  4to,  pp.  zviii  and  237,  with  56  plates  and  200 
voodcuts).  These  huge  beasts,  which  nearly  equalled  the  elephant 
Ki  size,  roamed  in  great  numbers  about  the  borders  of  the  ancient 
Eocene  lake-basin  in  Wyoming,  where  so  many  of  them  were  after- 
wards entombed.  The  drainage  of  this  lake  by  the  Green  River,  its 
elevation  from  six  to  eight  thousand  feet,  and  subsequent  erosion 
jy  the  Colorado,  has  left  exposed  by  slow  denudation  the  great 
'  mauvaises  /erref,"  or  **  bad  lands,"  carved  into  peaks,  cliffs,  and 
solomns  of  the  most  fantastic  and  varied  shapes  and  colours,  and 
bas  exposed  the  remains  of  the  many  extinct  animals  and  the  bones 
of  the  great  Diuocerata  for  the  attention  of  the  explorer.  More 
than  200  individuals  of  the  Diuocerata  have  been  brought  together 
in  Yale  College  Museum  alone. 

A  papier-mnchS  model,  taken  from  the  actual  bones  of  the  complete 
skeleton  of  Tinoceras  ingens,  has  been  presented  by  Professor  Marsli 
to  the  Geological  Department  of  the  British  Museum  (Natural 
History),  Lfondon,  and  serves  as  an  interesting  memorial  of  his  work. 

Professor  Marsh's  third  Monograph  is  on  the  Dinosaurs  of  North 
America,  and  appeared  in  1896  (imperial  8vo,  pp.  110,  with  84 
plates).  No  fewer  than  fourteen  papers,  richly  illustrated,  had  already 
appeared  on  this  subject  in  the  Gbolooigal  Magazine  from  1882  to 
1896,  so  that  this  Monograph  could  not  be  expected  to  add  much  to 
the  knowledge  already  derived  from  the  author's  numerous  separate 
memoirs.'  But  all  Marsh's  work  on  the  Dinosauria  is  here  brou;;ht 
into  one  focus.  Many  fine  plates  were  held  back  by  him,  as  well  as 
many  details,  for  a  future  dditton  de  luxe,  which,  alas  I  he  never  lived 
to  produce,  but  which  will  doubtless  be  published  at  an  early  date 
by  the  University  of  Yale,  provision  having  been  made  for  that 
purpose  by  Professor  Marsh  in  his  will. 

An  excellent  summary  of  Marsh's  observations  on  Dinosaurs  will 
be  found  in  the  Gkolooioal  Magazine,  1896  (pp.  388-400),  with 
twelve  admirable  restorations  of  the  leading  forms.  (See  also  Geol. 
Mag.,  1897,  pp.  38-44.) 

Marsh's  toothed  birds  and  toothless  Pterodactyles  may  seem  to  be 
two  of  the  most  remarkable  of  his  numerous  discoveries ;  but  his 
Monograph  on  the  Dinocerata  is  in  itself  a  grand  and  classical 
piece  of  work,  sufficient  alone  to  merit  the  highest  distinction. 

Yet  if  we  turn  to  his  long  researches  upon  the  Dinosauria,  one 
would  feel  certainly  disposed  to  give  to  these   the   first  place  of 
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importMioe  in  his  lifawork.  Babh  wonderfal  forms  of  tmn 
reptilas  as  ha  has  diaooTarsd,  e.g.,  BrMlOMNinw,  Siega 
TriMralopfy  (THaoMninit,  JlneUMourmi^  C6raio§awrm$,  Dipioioti 
many  othm,  either  by  their  sise  cnr  peooliar  oharaoters 
prodaoed  a  more  powmul  impreesion  on  the  poUio  mini 
almost  any  of  the  other  discoveries  of  modem  soienoe. 

From  1868  to  1890  loientifio  expeditions  were  oiganiied  to  ( 
and  colleot  fossils  in  the  Booky  Monntain  distriots,  rssnlting 
bringing  to  Tale  of  more  than  a  thousand  species  of  verti 
more  Uutn  400  of  which  have  been  deeoribed  oy  Professor  '. 
He  is  said  to  have  crossed  the  Booky  Monntains  Uiirty  times  oi 
expeditions,  and,  although  he  may  not  have  crossed  the  A 

2uite  so  often,  he  was  a  very  frequent  visitor  to  England  a 
!ontinent,  and  his  relations  with  men  of  science  here  were 
friendliest  kind :  witness  the  award  to  him  of  the  first  Bigsby 
in  1877  by  the  Oonncii  of  Oie  Geological  Society,  who  also  < 
him  a  Foreign  Member  in  1896. 

Of  the  struggles  for  priority  and  other  personal  sd 
squabbles  which  embittered  some  yean  of  his  life  we  ne 
now  speak;  over  the  silent  grave  we  may  only  remembei 
gratitude  the  vast  services  to  science  which  Harsh  lived  to  pc 

By  his  will  he  lesves  his  entire  estate  to  Yale  University,  w 
exception  of  10,000  dollars  to  the  National  Academy  of  Sden 
promote  original  scientific  research.     Even  his  home  and  rsi 
are  left  to  the  Yale  University,  to  be  used  as  a  Botanic  Gard< 
Laboratory.     He  is  estimated  to  have  expended  250,000  doll 
collecting  the  fossils  which  he  gave  to  the  Yale  Museum 
ago.     His  estate  will  probably  realize  100,000  dollars.     (It 
he  also  mentioned   that  during  the  thirty-three  years  in 
ProfesBor   Marsh   held    the    Chair    of   Palsdontology  in   Ya 
received  no  salary  for  his  services.) 

A  sum  of  30,000  dollars  is  left  to  the  Trustees  of  the  P< 
Museum,  to  pay  for  the  preparation  and  publishing  of  the  res 
his  explorations.  In  this  case  we  may  reverse  the  eerc 
Shakespeare  and  say, 

"  The  good  men  do  lives  after  them.'* 

I  cannot  help  quoting  a  few  words  from  Marsh's  last  letter 
Yale,  March  10th,  1899:— "I  did  not  intend  to  distribute  n 
these  [casts]  until  after  my  monographs  were  publishe 
considering  what  confusion  there  seems  to  be  in  your  ooun 
the  subject  [of  the  Dinosauria],  good  casts  of  the  oharac 
American  specimens  might  help  on  the  missionary  work  of  so 
instruction,  and  thus  aid  in  bringing  still  nearer  together  oi 
countries.'* 

It  seems  sad  that  he,  who  was  with  us  at  the  August  n 

of  the  International  Zoological  Congress  at  Cambridge,    ai 

subsequent    meeting    of   the     British    Association   at    Bris 

September,  reading  and  discussing  papers  there,  should  noir 

passed  over  to  the  great  ma^otvi;;  and  that  we  should  see  h 

11(7  mora  ^ 
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By  F.  R.  CowpBR  Bsbd,  M.A.,  F.O.S. 

(PLATE  X.) 

ONQST  the  fossils  collected  from  the  Pendleside  Limestone 
of  Butterhaw  Knoll,  Cracoe,  Yorkshire,  in  which  CyphaipiB 
una  (Ck>ignou)  ^  was  discovered  a  few  years  ago,  there  are 
e  Woodwardian  Museum  a  few  specimens  of  a  species  of 
psta,  which  were  found  in  1889  by  Professor  Hughes'  same 
peal   party.     My  attention   has   been  recently  directed   to 

and  it  has  become  evident,  after  a  careful  examination,  that 
lo  not  belong  to  any  of  the  hitherto  described  species  of  this 
.  The  characters  of  this  new  species,  to  which  the  name 
pita  eracoensii  is  given,  are  as  follows : — 
ftd-shield  nearly  semicircular;  glabella  regularly  and  gently 
X,  slightly  elevated  above  the  cheeks,  cylindrical  but  narrowing 
e  in  front  of  the  eye-lobe.  Anterior  end  of  glabella  rounded, 
saohing  front  margin  of  head-shield,  but  separated  from  it  by 
row  rounded  border  ornamented  with  a  few  concentric  lines. 
11a  marked  off  from  neck-ring  by  a  strong  undulating  neck- 
w  consisting  of  a  central  portion  arched  forwards  and  oblique 
1  portions  bounding  the  basal  lobes  of  the  glabella, 
lal  lobes  of  the  glabella  subquadrate  in  form,  distinctly  defined 
nrows  curving  back  towards  the  neck-furrow,  before  reaching 
i  they  become  weaker.  In  front  of  the  furrows  defining 
orly  the  basal  lobes  the  glabella  is  marked  by  tliroe  pairs  of 
vs  directed  obliquely  backwards.  The  posterior  pair  is  the 
[pest  and  longest;  the  middle  pair  does  not  join  the  axal 
w;  and  the  anterior  pair,  though  invariably  prosent,  is  very 

and  in  some  specimens  is  ropresented  merely  by  a  pair  of 
pits. 

3k-ring  broad  and  band-like,  median  portion  averaging  one^^ 
the  length  of  glabella  and  wider  than  first  thoracic  segment, 
ior  part  of  lateral  portion  of  neck-ring  swollen  on  each  side 
d  basal  lobe  to  form  a  small  low,  elongated,  triangular  nodule, 

1  Quart.  Journ.  Oeol.  Soc,  vol  xM  (1890),  p.  422. 

;CADB  IT. — ^TOL.    TJ,— JTO.    TI.  \^ 


242    F.  R.  Coicper  Reed-- A  New  Carbtrntferauz  Tribbite. 

with  Bhortest  side  on  axal  furrow.  Small  median  tubercle  also 
present  on  neck-ring.    ,  ... 

Facial  suture  cuts  anterior  border  of  head-shield  almost  at  a  ri|^t 
angle  ;  from  this  point  it  curves  backward  and  inward  to  the 
glabella,  bending  again  outwards  between  the  first  and  aeoond 
glabella-furrows  and  defining  a  large,  long,  crescentic  eye-lobe,  at 
the  base  of  which  it  turns  sharply  outwards  and  runs  in  an  oblique 
direction  to  meet  the  posterior  border  of  the  head-shield  at  a  very 
acute  angle. 

Eye-lobe  extends  from  second  furrow  of  glabella  nearly  to  neck- 
furrow. 

Free-cheek  smooth,  triangular,  surrounded  by  raised  rounded 
border  ornamented  with  four  or  five  raised  concentric  linea  on 
upper  surface.     Genal  angle  obtuse,  not  produced  into  a  spine. 

£ye  large,  reniform,  prominent,  marked  oflf  from  surface  of  free- 
cheek  by  encircling,  broad,  shallow  groove.  Surface  finely  facetted 
as  in  Phill,  gemmtdifera. 

Thorax  incompletely  known.  In  one  partly  enrolled  speoimen 
seven  segments  of  the  axis  are  preserved  which  are  attached  to  a 
head-shield.  These  segments  are  smooth  and  devoid  of  tnberoles. 
The  axis  is  gently  convex,  and  very  gradually  diminishes  in  width 
towards  the  pygidium.  The  pleuraa  in  this  specimen  are  un- 
fortunately broken  off,  but  were  apparently  about  equal  in  breadth 
to  the  axis. 

Pygidium  semicircular,  gently  arched,  edge  smooth,  slightly 
bevelled,  without  any  marginal  rim  or  grooved  area.  Axis  promi- 
nent, rounded,  rather  more  than  one-third  the  width  of  pygidium, 
composed  of  twelve  rings,  each  bearing  an  almost  obsolete  low 
median  tubercle  (scarcely  visible  on  the  posterior  rings),  with 
a  lateral,  stronger  tubercle  on  each  side,  separated  from  the  median 
one  by  a  distinct,  small,  oval,  striated  patch,  visible  only  in  the  cast 
Axis  extends  a  little  over  three-fourths  the  length  of  the  pygidium, 
gradually  tapering  to  its  posterior  end,  which  is  obtusely  |)ointed. 
A  faint  ridge  slopes  down  with  diminishing  strength  from  the  end 
of  the  axis  to  the  margin  of  the  pygidium. 

Pleural  portions  of  pygidium,  forming  area  gently  arched  down- 
wards from  axis,  marked  on  each  side  by  8-10  ribs,  of  which  only 
the  first  three  or  four  are  distinct,  the  posterior  ones  being  very 
faint  and  almost  obsolete.  The  first  furrow  is  strong  and  reaches 
the  lateral  margin  of  the  pygidium ;  the  second  becomes  weak 
before  reaching  the  margin;  the  third  is  still  weaker  and  shorter; 
the  fourth  is  generally  distinguishable  in  the  cast,  but  those  behind 
it  are  scarcely  visible.  The  ribs  are  each  marked  with  a  central 
longitudinal  groove,  and  each  rib  bifurcates  at  the  weak  fulcrum, 
which  is  situated  about  half-way  along  their  length  and  is  only 
perceptible  in  the  firat  two  or  three  ribs.  These  three  first  ribs 
reach  the  margin  with  distinctly  bifurcated  ends,  but  decrease  in 
strength  beyond  the  fulcrum.  The  posterior  ribs,  though  much 
weaker  along  their  whole  length,  are,  nevertheless,  traceable  to  the 
pygidial  margin. 
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The  actual  rarA&oe  of  the  pygidiom  ia  not  preaerVed  in  ita  entiiety 
in  any  of  our  apeoimena,  but  from  iaolated  fragmenta  of  the  aheU 
attached  to  the  oaata  the  above  featurea  can  be  made  out.  A  fine 
ponctation  ia  alao  noticeable  on  the  aurface  with  a  hand-lona.  The 
under  aurface  of  the  pygidium  ia  furnished  with  a  broad  infolded 
marginal  portion  ornamented  with  concentric  atrial. 

Hypoatome  elongate,  obtuaely  pointed  poateriorly ;  central  portion 
convex,  awollen,  with  aubparallel  aidea  ;  anterior  portion  moat 
elevated,  ornamented  with  aeveral  longitudinal  linea,  and  provided 
with  a  narrow  border  marked  off  by  a  faint  groove.  Alas  aubquadrate 
rather  than  triangular  in  ahape,  marked  with  irregular  wrinklea,  not 
aeparated  from  central  portion  of  hypoatome  by  furrow.  Bounded 
narrow  border  aurrounding  poaterior  part  of  central  portion  behind 
alie,  but  marked  off  from  it  by  distinct  groove.  Lateral  anglea 
obtuae. 

Hbasvkbmbnts  of  Six  SpBcnnExs  or  Hbad-Shiblds  akd  Ptoidia. 

min.        nun.        nini. 
Length  of  head-shield 

Lenzth  of  rlabella 

Wi(uh  of  glabella  at  base  ... 
Length  of  py^dium 
Wi£h  of  pygidium 

liength  of  axis        

Width  of  axis  at  front  end ... 

AfinttieB. — This  new  species,  Phill.  craeoensis,  has  wide  affinities, 
but  does  not  appear  to  be  closely  allied  to  any  of  the  British  species. 
The  want  of  genal  spines  to  the  free  cheeks  recalls  Phill.  derhienais 
(Martin),  but  in  almost  every  other  detail  the  head-shield  is  different, 
and  the  pygidium,  moreover,  bears  no  resemblance. 

With  Phill.  Colei  (McCoy)  it  agrees  in  the  general  shape  and 
marginal  characters  of  the  pygidium,  in  possessing  the  same  number 
of  segments  on  the  pygidial  axis,  and  in  the  faintness  of  the  pleursd 
on  the  lateral  portions.  But  it  differs  in  the  shape  and  ornamentation 
of  the  axia,  and  in  the  more  sti'ongly  marked  fulcrum  and  the 
bifurcation  of  the  ribs.  The  head-shield  is  completely  different, 
except  in  the  relative  size  of  the  eyes  ;  and  the  hypostotne  is 
narrower,  haa  larger  alaa,  and  a  more  strongly  developed  posterior 
border. 

The  general  shape  of  the  glabella  and  course  of  the  facial  suture 
are  somewhat  aimilar  in  Phill.  gemmulifera  (Phillips),  but  in  all 
other  respects  the  differences  are  marked.  The  three  pairs  of 
furrows  on  the  glabella,  in  addition  to  the  one  marking  off  the  basal 
lobe,  recall  PhilL  truncatida  (Phillips).  But  the  pygidium  shows 
little  similarity. 

From  Phill  Mehwaldi  (Fischer)  our  species  is  in  most  respects 
so  completely  different  as  to  make  any  comparison  needless.  But 
a  hypostome  doubtfully  referred  to  Phill.  JSichwaldi  by  Dr.  Woodward  * 
18  not  unlike  that  of  Phill.  cracoenaiSf  except  in  its  less  elongate  form, 
less  regularly  convex  axis,  and  triangular  alse. 

>  Mon.  Brit.  Carb.  Trihh.,  p.  22,  pi.  iv,  ftg.  4. 


244    F.  R.  Cowper  Reed—A  Nev)  Carbonififrma  H-ihbik. 

The  fewer  glabellar  farrows  of  Phill  lalwaadala  (Wood«.)>  (^ 
ornatiieDtation  of  the  axis  of  tho  pjgidium,  and  the  Don^bifiinaiua 
of  its  pleurK,  compel  na  to  regard  thia  Bpeoiea  aa  dtatinot,  thon^  it 
agrees  in  tlie  sbape  of  the  pygidiam  and  nnmber  of  axial  B^;m«ita 

Fhill.  icabra  (Woodw.)  shows  several  points  of  memblaaoe, Ift, 
the  non-elongation  of  the  genal  anglee  into  spines,  Ibe  atriatad 
border  of  the  free  cheeks,  and  the  large  eyes ;  bot  the  abape  sd<I 
furrows  of  the  glabella  and  the  pygidium  are  qoita  different. 

Fhill.  quadrilimba  (Phillips)  and  PhiU,  eartaafa  (Salter)  are  con- 
pletely  unlike  Pbill.  eraeoeniia  so  far  as  they  are  known. 

In  Phiil.  Leei  (Woodw.)  the  plenrea  of  the  pygidinu  are  groond, 
the  neck-ring  of  the  head  is  widest  in  the  oentre,  the  margin  of  tbs 
head  is  ornamented  with  parallel  lines ;  bnt  the  eyes,  the  &«i 
cheeks,  the  glabellar  furrowa,  and  number  of  rings  in  the  axis  of  Um 
pygidium  are  different  Piill.  CUffordi  (Woodw.),  of  wbioh  tb 
head-sliield  reBembles  that  of  PhilL  Leei,  baa  bifurcated  pleane  ia 
the  pygidium,  but  there  are  thirteen  ringa  on  the  axis,  and  these  sn 
unomainented.  Phill.  ninor  (Woodw.)  has  also  bifurcated  pleune 
on  the  pygidium,  bnt  fourteen  unomamented  s^menla  on  the  am 
and  an  entirely  different  head-shield.  PhiU.  artieuloaa  (Woodw.) 
shons  no  important  points  of  resemblance,  nor  does  PhiU.  Van  if 
Qraehti  (Woodw.).'  Phill  PolUni  (Woodw.),' though  agreeingwith 
Phill.  eracoentii  in  the  shape  of  the  pygidium,  the  faint  pleune,  tad 
course  of  Ihe    facial   suture,    is   in  other  respeots  unlike  it,    but 


Dr.  Woodward  considers  it  allied  to  Phill.  Colet. 
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^S)ede8  of  this  genus,  whioh  have  been  described  above,  show  that  it  is 
generalized  form,  and  suggest  the  idea  that  PhilUptia  is  separable 
a  distinct  genus  from  Proettu  more  for  stratigraphioal  than 
KiDoiphologioal  reasons. 

EXPLANATION  OP  PLATE  X. 

Fio.  1.  Phillijma  erMcoetuUf  n.tp.  Central  portion  of  head-shielcL    x  3. 

2.  „  „  „  Central  portion  of  anothor  head-shield.  x3. 

3.  „  „  „  Pygidiam.    x  3. 

4.  „             „           „  Another  pygidiam.    x  3. 
6.         ,,              y,           ,,  Free  cheek,    x  3. 

6.  „  „  „       Hypoetome.    x  3. 

7.  .,  ,.  ,,       Outline  restoration  of  head-shield. 


3L.— On  Archanodon  Jukbsi  (Forbks  MS.)*  Bailt,  sp.,  from  the 

Old  Bn>  Sahdstonk  of  Monmouthshibb. 

By  B.  BuLunr  Nbwtox,  F.6.S. 

Imtboduotiom. 

THROUGH  the  kind  intervention  of  Professor  H.  O.  Seeley, 
F.B.S.,  some  few  years  sinoe,  Mr.  Percy  Hawkins  was  induood 
to  present  to  the  G^logioal  Department  of  the  British  Museum 
a  slab  of  Old  Bed  Sandstone  from  Llanvaohes,  nearly  midway 
between  Caerleon  and  Chepstow,  Monmouthshire,  containing  some 
excellent  impressions  of  Arehanad<m  Juke$i. 

Originally  found  in  Ireland,  and  since  reported  from  Northnmber* 
land,  the  present  notice  of  the  shell  forms  a  second  record  of  its 
occurrence  in  Britain.  So  far  as  our  knowledge  extends,  it  remains 
the  most  ancient  lacustrine  or  fluviatile  bivalve  mollusc  yet  known  in 
the  British  Islands,  and  on  that  account,  coupled  with  its  great  raritv, 
it  is  hoped  that  the  following  account,  dealing  with  its  discovery  m 
Western  England,  may  lend  an  additional  interest  to  the  species. 
Before  entering  upon  this,  however,  it  may  be  of  advantage  to 
submit  a  brief  summary  of  the  literature  relating  to  this  organism. 

BiBLIOOBAPHIOAL  BbVIBW  OF  AbOHANODON  JuKBSI. 

The  first  reference  to  this  mollusc  was  made  by  Edward  Forbes^ 
in  1858  in  a  provisional  list  of  fossils  characterizing  the  'Yellow 
Sandstone'  at  the  hill  of  Knocktopher,  co.  Kilkenny,  Ireland,  which 
included  plants  (Cydopteria  Bibemi€u$,  Lepidodendron,  and  Slig^ 
maria),  fish  {Hotaptyehiui),  Crustacea  (PUrygotu$),  and  a  'large 
bivalve  shell,'  to  which  was  given  the  name  of  Anodon  Jukeau 
These  forms  of  life  were  recognized  as  indicative  "  of  fresh  or  at 
least  brackish  water  conditions  at  the  period  of  the  deposition  of 
the  beds." 

In  1857  J.  B.  Jukes  and  J.  W.  Salter'  referred  to  the  occurrence 
of  Anodon  Jukesi  in  the  Yellow  Sandstone  of  Eiltorcan  Hill,  near 

>  Edwaid  Forbes,  '*  On  the  Fossils  of  the  Yellow  Sandstone  of  the  South  of 
Ireland"  :  22nd  Rep.  British  Assoc,  for  1852,  published  1863,  p.  43. 

*  J.  B.  Jukes  and  J.  W.  Salter,  **  Notes  on  the  CUssification  of  the  Devonian  and 
Oarboniferons  Bocks  of  the  South  of  Ireland  "  :  Joum.  Geol.  Soc.  Dublin,  toI.  tu 
(1867),  p.  63. 
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Thomastown,  and  at  Tivoli  Villa,  near  Cork;  in  aaiooiation  with 
plant  remainsy  regarding  the  beds  as  belonging  to  the  Upper  Old 
Bed  Sandstone. 

Later  on  in  the  same  year  Jakes*  appears  to  have  altered  his 
opinion  as  to  the  age  of  the  Yellow  Sandstone  Series  of  the  Sooth 
of  Ireland,  and  oonsidered  them  as  of  Lower  Carboniferoas  age, 
a  view  whioh  was  supported  by  Sir  Riohard  Griffith'  in  the 
following  year  (1858), 

As  a  list  name,  W.  H.  Baily'  in  1859  referred  to  this  shell 
nnder  the  name  of  Aihodonia  Juke$i,  recognizing  its  formation  at 
Upper  Devonian  or  Lower  Carboniferous,  although  in  the  following 
year  (1860)  he*  acknowledged  the  deposit  as  of  Upper  Old  Bed 
Sandstone  age. 

In  1861  Baily'  invested  the  fossil  with  a  greater  soientifio  im- 
portance by  publishing  figures  and  a  description.  His  aooount  is  at 
follows: — "The  large  bivalve  shell,  Anodonta  Jvken,  Forbes,  of 
which  figures  are  given  (reduced  to  half  natural  size),  is  rather 
abundant  at  Eiltorcan  Hill,  occurring  with  the  plants  before 
mentioned  lAdiantiUa  {Cyclopteria)  Hibernieui,  SphenopteriM  Hooherif 
Oydostigma,  Lepido9irohu9  ?]  ;  no  other  mollusc  having  hitherto  been 
found  in  those  beds.  It  is  clearly  allied  to  the  fresh-water  mnsaels 
of  the  present  day,  being  referred  to  an  existing  genus  whioh  it 
remarkable  for  the  thinness  of  its  shell  and  the  absence  of  hinge 
teeth.  Fig.  da  exhibits  the  exterior  of  this  elongated  shell,  with  its 
well-marked  lines  of  growth,  characters  common  to  the  existing 
fresh- water  Unios  and  river  mussels  ;  36  is  from  a  oast  of  the 
interior  of  the  left  valve  of  a  very  large  specimen;  it  shows  the 
impression  or  cicatrice  of  the  adductor  muscle  and  the  straight  tooth- 
leas  hinge-line." 

Another  locality  for  the  mollusc  was  noted  by  Baily '  during  1864, 
viz.  Gokane  Point,  Toehead  Bay,  co.  Cork,  where  it  was  found 
associated  with  Adxantiies  Hihemicus;  and  in  1866  J.  B.  Jukes' 
recorded  its  discovery  by  Mr.  Doran  in  the  Old  Red  Sandstone  of 
near  Clonmel  (Waterford). 

>  J.  B.  Jukes :  **  The  Student's  Manual  of  Geology,"  1867,  p.  441. 

'  Sir  R.  Griffith,  *'  Gn  the  Remains  of  Fossil  Plants  discoTered  in  the  Yellow  Sand* 
Htone  Strata,  situate  at  the  hase  of  the  Carboniferous  Limestone  Series  of  Ireland,  in 
connection  with  a  Communication  on  that  subject  from  M.  Adolphe  Brongniart " : 
Joum.  Royal  Dublin  Soc,  vol.  i  (1868),  p.  313.      ' 

»  W:  H'.  Baily,  **  On  the  Fructification  of  Cyclopterii  Hibemica  (YoThesi)  from  th« 
Upper  Devonian  or  Lower  Carbcmiferous  Strata  at  Eiltorkan  Hill,  Co.  Kilkenny  *' : 
28th  Rep.  British  Assoc,  for  1858,  published  1859,  p.  75. 

*  W.  H.  Baily,  *•  On  Sphenopterit  Hookeri^  a  new  Fossil  Fern  from  the  Upper 
Old  Red  Sandstone  Formation  at  Kiltorcan  Hill,  in  the  County  of  Kilkenny,  with 
some  Observations  upon  the  Fish  Remains  and  other  Associated  Fossils  from  the  same 
locality" :    29th  Rep.  British  Assoc,  for  1859,  published  1860,  p.  98. 

«  w.  H.  Baily:  <* Explanations  to  Sheets  147  and  157  of  the  Maps  of  the 
Geolo^cal  Survey  of  Ireland,'*  1861,  p.  16,  fipr.  3. 

■  «  W.  H.  Baily,  <•  Explanations  to  SheeU  187,  195,  and  196  of  the  Maps  of  the 
Geological  Survey  of  Ireland,"  1864,  p.  23  ;  **  Explanations  to  Sheets  192  and  199 
of  the  Maps  of  the  Geological  Survey  of  Ireland,'*  1864,  pp.  16.  17,  23. 

^  J.  B.  Jukes,  *'  On  the  Carboniferous  Slate  (or  Devonian  Rocks)  and  the  Old  Red 
Sandstone  of  South  Ireland  and  North  Devon  ** :  Quart.  Joum.  Geol.  Soc.,  vol.  xxii 
(1866),  p.  320. 
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■  ■■"*«. 

As  bearing  upon  the  geologioal  age  of  the  fotsil,  reference  may 
^  made  to  Cbwald  Heer's '  reaearohes  of  1872.   This  author  regarded  , 
the  Yellow  Sandstone  beds  of  Kiltoroan  as  of  Lower  Oarboniferous  '\ 
ag6f  after  a  oomparison  of  its  flora  with  that  found  in  the  Monntain 
liimestone  of  Bear  Island.    Further  allusions  to  the  species  were  ; 
published  by  Baily  *  in  1875,  and  another  figure  (copied  from  original 
filodtration)  was  issued,  but  no  new  facts  were  made  known. 

Considerable  interest  was  added  to  the  subject  by  Biohard  Howse ' 

in  1878,  when  he  announced  the  discovery  of  this  shell  in  the  sand- 

.  stone  rocks  of  North  Northumberland  associated  with  Ulodendron 

'^omatiiiimum  and  stems  of  Calamites,     Its  horizon  he  recognized 

as  an  upper  member  of  the  Tuedian  group  of  the  late  Mr.  Gkorge 

Tate,  which  he  considered  closely  identical  with  the  lower  part  of 

the  Oalciferous  Sandstones  of  Scotland ;   further  stating  that  **  the 

nippcaed  Upper  Old  Bed  Beds  of  Kilkenny  will  also  no  doubt  be 

eventually  and  correctly  correlated  with  these."      In  this  account 

Mr.  Howse  established  the  new  generic  name  of  Archanodon  for 

A^odan  or  Anodonta,  as  the  shell  had  hitherto  been  called. 

During  the  same  year  (1878)  G.  H.  Einahan*  tabulated  the 
Kiltoroan  rooks  containing  Anodonia  Jukeai,  etc.,  as  Lower  Car- 
boniferous. Mr.  Howse  ^  in  1880,  as  a  correction  of  a  priority 
dispute,  again  referred  to  the  Northumberland  form  of  Archanodon 
Jukeii,  and  mentioned  a  more  precise  locality  for  it  than  in  his 
original  account,  viz.,  near  Chillingham. 

Dealing  with  the  question  of  horizon,  Professor  Hairs'  remarks 
of  1880  on  the  Kiltoroan  rooks  may  be  of  interest  to  quote :  **  The 
occurrence  of  fish  remains  in  the  Kiltoroan  Beds  belonging  to 
recognized  Old  Bed  Sandstone  forms  of  Scotland  and  elsewhere, 
none  of  which  ascend  to  the  Carboniferous  Series  of  other  distrlgts, 
places  the  relations  of  these  beds  to  the  Old  Bed  Sandstone  beyond 
question,  llie  occurrence  of  Anodonia  Jukesi,  PalaopteriBf  fish,  etc., 
all  point  to  the  fact  that  Incustrine  conditions  prevailed  over  this 
area  of  Southern  Ireland  during  the  deposition  of  these  beds." 

In  the  succeeding  year  Professor  W.  Boyd  Dawkins^  contributed 

:  I  Oswald  Heer,  **Oii  the  Carboniferous  Flora  of  Bear  Island  (lat.  74*^30'  N.)  ; 
and  on  Cyeiattipma,  LepidodendroHf  and  Knorria  from  Eiltorcan  *' :  Quart.  Journ. 
Geol.  Soc.,  vol.  xxviu  (1872),  pp.  161-173.  pi.  iv. 

»  W.  H.  Baily.  •*  On  Fossils  from  the  Upper  Old  Red  Sandstone  of  Kiltorcan  Ilill 
in  tbe  County  of  Kilkenny'*:  Proc.  Royal  Irish  Academy,  ser.  ii,  vol.  ii  (1875), 
pp.  45-48.  ''Figures  of  Characteristic  British  Fossils:  iMlseozoic,**  1875,  p.  93, 
pi.  xxxi,  fie.  5. 

'  Richara  Howse,  "  Preliminary  Notice  of  the  Occurrence  of  Archanodon  (Ano- 
donia)  Jtiketi,  Forbes,  in  the  Lower  Carboniferous  Rocks  of  North  Northumberland  '*: 
Nat.  Hist.  Trans.  Northnmberland,  vol.  vii  (1878),  p.  173.  pi.  xiv. 

*  O.  H.  Kinahan:  "  Manual  of  the  Geology  of  Ireland,'^  1878,  p.  78. 

*  Richard  Howse,  "Note  on  the  Priority  of  Discovery  of  Archanodon  {Anodon) 
Jiiketi,  Forbes,  in  the  Lower  Carboniferous  Rocks  of  North  Northumberland": 
Nat.  Hist.  Trans.  Northumberland,  vol.  vii  (1H80),  pt.  2,  p.  376. 

*  Edward  Hull,  "  On  the  Geological  Relations  of  the  Rocks  of  the  South  of 
Ireland  to  those  of  North  Devon  and  other  British  and  Continontil  Districts**  : 
Quart.  Journ  Geol.  Soc.,  vol.  xxxvi  (1880),  p.  255. 

'  W.  B.  Dawkins,  **Oii  the  Range  of  Anodonia  Jukfsi'*:  Trans.  Manchester 
Geol.  Soc.,  vol.  xvi  (1881),  pt.  11,  p.  247. 
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«n  interesting  paper  on  Aikodonia  Jyke§i,  in  wbioh  he  oompared  the 
Irish  and  NorUiamberland  hahitats  of  this  mollusc  with  the  sand- 
stone deposita  of  the  Catskill  Series  of  New  York  State,  regarded 
Tarionaly  as  Upper  Devonian  or  Lower  Carboniferous,  containing 
«  laige  biTalve  known  as  Cyprieardite$  CaUkHUiuii,  and  which  he 
oonaraerad  as  a  form  closely  analogous  to  A.  JuIumL 

Profcsaur  Amalitsky  ^  during  1895  established  the  new  genus  of 
PmkmaodmUa^  selecting  for  his  type  Unio  castor  of  Eiohwald 
(LsthsM  Bossica,  1861,  p.  1,003,  pi.  xxxix,  fig.  20),  including  in  it, 
-mmimg  other  forms,  Anoaania  Juke$i. 

Knally,  it  may  be  stated  that  the  Honmouthshire  specimen,  now 
.•boat  to  be  described,  was  exhibited  during  the  early  part  of  1895 
wk  one  of  the  meetings  of  the  Geological  Swsiety  of  London,*  and  is 
ssfansd  to  in  the  printed  '*  Proceedings"  as  follows :  **  A  specimen 
vridi  Auodania  from  the  Lower  Old  Red  Sandstone  of  Talgarth 
fUaavaohes),  by  Caerleon  (Mon.)i  exhibited  by  Professor  H.  O. 
BBdBj,  FJLS.,  on  behalf  of  Peroy  Hawkins,  Esq." 

DXSORIPTION   OF  THE   SpXCIMXM. 

Genus  ABCHANODON,  Howse,  1878. 
Bist  Hist  Trans.  Northumberiand,  vol.  yii  (1878),  p.  178,  pi.  xiv. 

Tm.—Anodonta  Jukesi,  W.  H.  Baily. 

Snovras.— ^Nodon,  E.  Forbes  MS.,  1853 ;  Anodonta,  W.  H.  Baily, 
1861 ;  Awuugenia,  Hall,  1883 ;  Palaanodonta,  Amalitsky  (pars),  1895. 

Archakodon  Jukesi,  W.  H.  Baily. 

Amadom  Jmketh  E.  Forbes :  22nd  Rep.  British  Assoc.,  1858,  p.  43. 

Amodaiiim  JUfcett,  W.  H.  Baily  :  28tb  Rep.  British  Assoa,  1859,  p.  75 ; 
"  Explanations  to  Sheets  147  and  157  of  the  Maps  of  the 
Oeol.  Survey  of  Ireland,"  1861,  p.  16,  fig.  3. 

ArcktModan  Juke$it  Richard  Howse :  Nat  Hist  Trans.  Northumber- 
land, vol  vii  (1878),  p.  173,  pi.  xiv. 

Palmanodanta  Jvke§i,  W.  Amalitsky  :  Quart.  Joum.  Qeol.  Soc,  vol.  li 
(1895),  p.  846. 

The  remains  of  this  shell  as  represented  on  the  sandstone  slab 
from  Monmouthshire  consist  of  two  casts  or  moulds  of  the  interiors 
of  left  valves  and  a  fragmentary  right  one.  They  have  apparently 
escaped  compression  during  fossilization,  the  original  convexity  of 
the  specimens  being  well  preserved.  The  valves  are  elongate,  sub- 
eylindrical,  convex,  and  sloping  from  the  lateral  summit  to  the 
ventral  margin  at  an  angle  of  about  20  degrees  ;  anterior  area 
rounded  and  short,  posterior  produced  and  obtusely  angulated  from 
tlie  beaks  to  the  margin ;  the  umbones  are  depressed,  not  prominent, 
and  very  anterior ;  the  cardinal  line  is  edentulous,  straight,  and 
elongate,  extending  to  within  about  40  mm.  of  the  posterior  margin ; 
the  pallial  and  adductor  scar  impressions  are  only  very  feebly  seen 

^  W.  Amalitsky.  "  A  Comparison  of  the  Permian  Freflh-water  Lamellibranchiata 
from  Rnisia  with  thoee  from  the  Karoo  System  of  South  Africa'*  :  Quart.  Joum. 
Ceol.  Soc.,  Tol.  li  (1896),  p.  346. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  li  (189'5) :  Froeeedinga,  p.  Vu. 
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almost  inoap^ble  of  proper  definitioiiy  althoagh  the  anterior 
addaotor.mtisole  impridMioii  is  seen  to  be  situated  jnst  beneath  the 
upper  mai^g^  of  the  AhU,  anteriorly  and  close  to  the  nmbone ; 
surface  ornamented  at  intervals  with  bold  oonoentrio  growth-linee. 

DiMEHSiuns.  —  Length,  140  mm.;  height,  64  mm*;  diameter 
(allowing  for  closed  valves),  34  mm. 

BaitABKS.  —  The  privilege  has  been  accorded  the  writer  by 
Mr.  J.  Nolan,  of  the  Gteological  Survey  of  Ireland,  of  examining 
the  original  specimen  from  Kiltorcan,  to  which  Forbes  gave  the 
provisional  name  of  Anodon  Juke$if  and  which  Baily  at  a  later  date 
described  and  figured  as  AtMdonta  Juke$L  This  type»  aa  well  as 
other  examples  of  the  shell  from  the  same  locality,  has  snfiEered  more 
or  less  from  lateral  compression  during  the  period  of  fossilization,  ac 
that  the  valvoa  are  much  flattened  and*  shallow,  diflering  in  this 
respect  from  the  beautiful  convex  form  of  the  species  as  exhibited  in 
the  sandstone  impressions  from  Monmouthshire.  Somewhat  airoilar 
conditions  have  affected  the  valves  of  the  closely  allied  species 
Amnigenta  (Oypriearditea)  CatskillenMii,^  the  only  mollusc  found  in 
the  Oneonta  Sandstone  (=  Upper  Old  Bed  Sandstone)  of  Chenango- 
Co.,  New  York  State,  and  Hail's  remarks  in  connection  therewith 
are  of  interest  to  quote :  **  The  various  phases  of  this  species  seem, 
to  be  all  due  to  the  degree  and  direction  of  pressure  during  the 
process  of  embedding "  (Palaaontology ;  Lamellibranohiata  :  GeoL 
Surv.  State  New  York,  1886,  p.  517). 

Another  fact  of  interest  regarding  the  valves  from  Monmouth- 
shire is  their  association  with  fish  remains,'  although  only  iu  a 
comminuted  state  and  quite  beyond  determination. 

In  Ireland  the  mollusc  ooours  with  Falaopteria  HibemieOt  etc, 
CoccosteuB,  etc.,  and  JSurypterus  Scotdert^,  eta;  in  Northumberland 
with  Ulodendron  omatiBsimum  and  Calamiles ;  and  in  America 
A,  Catskillensis,  the  close  ally  of  the  British  species,  is  found  in 
company  with  plant  and  fish  remains  {Holonema  rugoium),* 

All  these  facts  demonstrate  that  the  genus  Archanodon  was  of 
lacustrine  or  fliiviatile  origin,  and  that  the  deposition  of  the  beds 
containing  it,  whether  in  England,  Ireland,  or  America,  must  have 
been  regulated  by  similar  physical  conditions  and  in  close  proximity 
to  land.  A  good  deal  of  discussion  has  transpired  as  to  whether 
these  Upper  Old  Red  Sandstone  rocks  should  be  regarded  as  Upper 
Devonian  or  Lower  Carboniferous,  and  it  is  hoped  that  the 
Geological  Survey  Memoir  now  in  progress  on  the  Monmouthshire 
neighbourhood  may  finally  determine  this  point. 

Notwithstanding  its  intimate  relations  with  the  Anodonta  of 
modern  times,  there  can  be  no  doubt  as  to  the  desirability  of 
recognizing  Mr.  Howse's  name  of  Archanodon  for  this  ancient 
species,  although  it  has  been  so  singularly  overlooked  by  palsaon- 
tologists.     Its  adoption  will  necessitate  the  extinction  of  Amnigenia 

^  Examples  of  this  mollusc  are  exhibited  in  the  Geolog^ical  Department  of  the 
British  Museum. 
'  On  the  authority  of  Mr.  A.  Smith  "Woodward. 
'  See  Dana's  **  Manual  of  Qeology;'  U^5,  «dL.  4,  p.  618. 
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^^  Ball,  betides  withdrawing  the  mollusc  from  the  genus  Pal^" 
^^^odon^a,  to  whidh  Amalitsky  attached  it  in  1895. 

The  following  dimensions  of  the  known  examples  of  Arehanodon 
^lisft  and  A.  CaUMUentiB  (largest  specimens  selected)  may  be  of 
^terest  for  comparison  : — 

Atekaw)don  Juketi. — Ireland  :  length,  185  mm. ;  height,  75  mm. ; 
diameter  (allowing  for  dosed  valves),  24mm.  Northumberland: 
length,  228 mm. ;  height,  102  mm.  Monmouthshire :  length,  140mm. ; 
Iieight,  54  mm. ;  diameter  (allowing  for  closed  valves),  34  mm. 

Arehanodon  tfaUhiUensiB. — Length,  155  mm. ;  height,  67  mm. 

HoBizon. — ^The  Monmouthshire  specimens  are  in  a  matrix  of 
Teddish-brown  sandstone  grit  of  a  somewhat  coarse  character, 
bigbly  micaceous,  and  with  a  tendency  to  pulverize  when  handled. 
This  formation  was  probably  of  contemporaneous  deposition  with 
the  'Yellow  Sandstone*  Series  of  the  South  of  Ireland,  and  may 
consequently  be  regarded  as  of  Upper  Old  Ked  Sandstone  age,  abd 
not  of  a  lower  horizon  as  originally  surmised  when  the  present 
speoimen  was  exhibited  at  the  Geological  Society. 

III. — NOTK   ON   AmMOHITES  SUOilPHALl/S,   ShARPE. 
Bj  6.  C.  Crick,  F.O.8.,  of  the  Britiih  Museum  (Natural  History). 

THE  name  Ammoniie$  euomphdlM  was  given  by  Sharpe^  to  an 
imperfect  though  unique  specimen  from  the  Lower  Chalk,  Man 
of  War  Cove,  on  the  coast  of  Dorset.  Tliis  example  (according  to 
Sharpe)  originally  belonged  to  E.  H.  Bnnbury,  Esq.,  but  now  forms 
part  of  the  British  Museum  Collection  [No.  50,158]. 

It  is  fairly  well  represented  in  the  figures  accompanying  Sharpe's 
description,  which  is  as  follows: — "Shell  gibbous,  with  a  broad 
flattened  back  and  angular  whorls,  crossed  by  numerous  unequal 
tnberculated  ribs,  which  bifurcate  at  the  back;  the  ribs  are  about 
twenty  in  number  on  the  side  of  the  whorl,  alternately  larger  and 
smaller;  the  larger  ribs  bearing  a  small  tubercle  near  the  umbilicus, 
and  a  strong  spine  at  the  edge  of  the  back ;  the  number  of  ribs  on 
the  back  is  about  double  that  on  the  sides  of  the  whorl,  two 
springing  from  each  spine,  curving  forwards  and  meeting  again  at 
the  opposite  spine ;  about  every  fourth  dorsal  rib  is  larger  than  the 
others,  and  bears  two  slight  tubercles  :  umbilicus  broad  and  funnel- 
shaped,  leaving  three*fourths  of  the  inner  whorls  visible :  aperture 
transverse  and  angular :  septa  with  four  very  simple  trifid,  lateral 
lobes,  and  the  lateral  saddle  very  small." 

As  mentioned  by  Sharpe,  the  shell  is  "crossed  by  numerous 
unequal  tuberculated  ribs  ....  alternately  larger  and 
smaller  ....  the  larger  ribs  bearing  a  small  tubercle  near 
the  umbilicus,  and  a  strong  spine  at  the  edge  of  the  back,"  but  the 
smaller  ribs  also  have  tubercles  similarly  situated,  though  relatively 
very  much  smaller  than  those  on  the  larger  ribs.  The  pairs  of  ribs 
which  pass  across  the  periphery  and  connect  the  strong  spines  on 

»  D.  Sharpe:  "  Foas.  Moll.  Chalk  of  England"  (Men.  Pal.  Soc"),  \jt.  ii  CUo\\, 
p.  31,  pi.  xiii,  figs^  4a-€, 
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one  Bide  with  those  on  the  opposite  side  an  thicker  then  the  nrt, 
the  posterior  one  of  each  pair  l>eing  the  thioker  of  tbA  two ;  this  h 
eiipeoially  the  oaae  where  the  diameter  of  the  shell  ii  10  mm.  At 
the  middle  of  the  periphery  eaoh  rib  bean  a  very  fiseble  biberab; 
oo  each  side  of  thii  and  about  half-way  between  it  and  the  lam 
lateral  ipine,  there  is  another  rather  more  prominent  but  atill  (iMMak 
tubercle.  The  tnberolea  on  the  tbiokened  riba,  espeuallj  on  the 
poaterior  one  of  eaoh  pM'r  oonneoting  the  large  apinea,  are  r^latinly 
larger  than  tbe  rest 

Sharpe  gave  tbe  diraenaiona  of  tbe  typa-apemmen  aa  foUowa: — 
Diameter,  three-fourtha  of  an  inch ;  width  of  apertim,  half  an 
incl] ;  height  of  tbe  laat  whorl,  one-third  of  an  inoh.  Ky  own 
measurements  of  this  apedmen  are: — Diameter  of  shell,  81'6miii.; 
width  of  umbiliouB  (at  autnra  of  ahell),  8*5 mm.;  b«^t  of  ontar 
whorl,  6  mm. ;  height  of  outer  whorl  above  preoaaiog  whorit 
6'5  mm. ;  thiokness  of  outer  whorl,  10'25  mm. 

In  1896  Mr.  A.  J.  Jukes-Browne  recorded,'  but  did  not  flgiirak 
flD  example  of  this  spnoies  from  the  "sandy  oholk,  Bad  18  of 
Mr.  Mejier,  in  the  oliff  below  Whitlands  ooastgnard  station,  west  of 
Lyme  Regis."  This  apeoimen  belonga  to  the  Snrvey  oolleotion  at 
Jermyn  Street  Museum,  and  is  represented  in  the  woompanyi 
figures  (Figs.  lo-e).    It  is  completely  aeptate^  and  haa  »  diame 


Fio.  l.—Dauiilliicerai  laamphalut  (Shsrpt).— a,  lateral  view.      .  ,      .  ... 

of  Ihs  lame  epecimeii ;  r,  nuture-Iine  of  the  nme  eumpls  u  seen  at  tht 
place  niurked  >  in  a  and  6.  From  "  wndf  cliaJk,  Bad  13  of  Mr.  H^er,  il 
tht  cliff  below  Whitlnud?  coutgiurd  slAtioa,  wnt  of  Lyme  Eegu."  DnM 
of  (he  natunil  size  from  an  eianiple  io  the  Museam  of  I^dicol  Qeologj. 

of  40-5  mm.,  being  therefore  mnob  larger  than  Sharpe'a  type- 
specimen.  Owing  to  the  imperfection  of  the  anterior  part  of  tba 
fossit  its  dimonsioDH  can  be  beat  taken  at  a  diameter  of  SSmm. 
These  are : — Diameter  of  shell,  38  mm. ;  width  of  umbilicus  (at 
suture  of  shell),  Ifimm. ;  height  of  outer  whorl,  14*5  mm. ;  heigkt 

>  Qoflrt.  Journ.  QvA.  fioe.,  lal.  Ui  (.ISM),  p.  IM. 
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of  ootar  whorl  above  pnoodiDg  whorl,  IS'd  mm. ;  thiokneM  of  outer 
whorl  (ozolading  ipisM),  31-6  mm.  The  speoimeQ  U  fairly  w«ll 
pfOMTved ;  th»  innor  whorli  «re.  however,  iraperfeot  on  one  lide,  and 
<m  thtt  other  obaoored  by  niatrix  if  prennt.  The  autars-Iine  ia 
diaplayed  when  the  foaail  haa  a  diameter  of  38  mm.;  it  ia  repre> 
BODted  ia  Fig.  lo.  One  aide  of  the  earlier  portion  of  the  outer  whorl 
heara  maAa  of  an  injury  daring  the  life  of  the  animal. 

So  far  aa  I  know,  theae  are  the  only  two  examplea  that  have  been 
leoorded  aa  belonging  to  tfaia  apeoiea. 


Fin.  3. — DoHcUIiutrai  tuomphtilut  (Sharps). — a,  lateral  view  ;  i,  peripheral  Tieir 
of  the  Mine  ipacimen  ;  e,  sutnn-liDe  of  the  same  example  aa  aeen  at  the  pUca 
marked  j  ta  ■  and  b.  Lower  Chalk:  Unmbie  Point,  clow  to  Whltlandi, 
west  of  Ljme  Begii.  Drawn  of  the  natural  aixe  from  the  eiampla  in  the 
Britiih  Kusenm  (Nat.  Hiit.)  that  wan  collected  and  pmented  to  the 
Hnianm  b;  Di.  Rowe  and  C.  D.  Sherborn,  £iq. 

Among  eome  Chalk  foasila  recently  oolleoted  by  Dr.  Arthur  Rowe, 
F.G.S.,  and  Mr.  0.  Daviea  Sherbom,  F.G.S.,  from  the  ■■  bard  nodular 
Cenomanian  Limeatone  with  grit  and  green  grains,  half  a  mile  from 
the  abore  at  Hnmble  Point,  oloae  to  Whitlands  (weit  of  Lyme 
Bagia),  Devonahire,"  there  ia  a  apeoiraen  which  I  consider  to  be 
refenble  to  Skarpe's  apeoiea  (aee  Figa.  2a-<;).  Being  entirely 
aeptate,  and  therefore  inoomplete,  it  doea  not  furoiab  the  obaraotera 
of  the  adnlt  abell ;  neverthelesa,  it  is  a  particularly  iatereating 
apeoimen,  for  being  larger  than  either  of  the  previonaly  recorded 
examplea,  the  oharaoten  wbioh  it  displaya  more  nearly  approach 
thoae  of  an  adalt  ahell.  A  portion  of  the  outer  wfaorl  ia  miaaing, 
but  the  reit  of  the  foaail  ia  well  preserved ;  the  inner  whorla  are 
present,  and  the  auture-line  ia  ahowa.  The  dimenaiona  of  the 
apecimen  are : — Diameter  of  shell,  43  mm. ;  width  of  umbilious  (at 
antnre  of  ahell),  16  mm. ;  height  of  outer  whorl  (excluding  apinea), 
16  mm. ;  height  of  outer  whorl  above  preceding  whorl,  not  aaen ; 
thiokneaa  of  outer  whorl  (excluding  spines),  23  mm.  The  inner 
whorla  op  to  a  diameter  equal  to  that  of  Sharpe'a  type-specimen 
oaa    be   plainly    aeen ;    they   are   fairly   well   pieuirtttdt.     '^Nia 
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sliell  paases  from*  a  diameter  of  21 '6  mm.— the  diameter  of  tba 
type-Bpeoimen— to  its  greatest  diameter,  tib.  43  mm.,  in  about  thne^ 
foui-ths  of  a  whorl.    The  first  fourth  of  this  porUon  ii  wanting.    Hm 
last  half- whorl  is  well  preserved ;  on  its  .lateral  area  the  smaller  ribs 
completely  disappear,  while  the  spines  on  the  laiger  riba  beoome   4 
relatively  larger,  the  inner  one  onlv  slightly,  but  the  outer  one  « 
considerably.    The  pairs  of  strong  ribs  on  the  periphery  oonneoting  ^ 
!the  large  lateral  spines  are  well  developed.    Of  .the  tuberoles  on  thatf 
anterior  rib  of  each  pair,  that  on  each  side  of  the  median  line  oS 
the  periphery  becomes  with  age  relatively  muoh  smaller,  whilst 
the  corresponding  tubercle  on  the  posterior  rib  becomes  mnoh  larger^ 
the  rib  itself  becoming  at  the  same  time  much  less  distinct ;  the  ri 
at  the  anterior  lateral  spine  that  is  preserved  is  very  feeble.    Th< 
intermediate  ribs  almost  entirely  disappear  at  the  anterior  part  o 
the  6[)ecimen ;    the  tubercles  on  the  rib  which  is  situated  abon 
half* way  between  two  lateral  spines  gradually  increase  in  ai 
especially  the  one  on  each  side  of  the  median  line,  that  on  tb9 
median  line  being  well  marked,  but  smaller  and  more  obtuse  tham. 
the  others.    With  considerable  difficulty  the  sutnre-Iine  haa  been 
traced  on  this  portion  of  the  fossil,  namely,  at  the  point  marked 
s  in  Figs.  2a,  h,  where  the  diameter  of  the  shell  is  about  84  mm. ; 
it  is  represented  in  Fig.  2c. 

Although  this  specimen  considerably  increases  our  knowledge  of 
Sharpens  species,  we  are  not  yet  in  a  position  to  give  the  characters 
of  an  adult  shell. 

As  will  be  seen  from  a  comparison  of  Figs.  1  and  2,  there  are 
certain  differences  between  the  originals  of  the  two  figures.  A  very 
obvious  difference  is  in  the  numl>er  and  size  of  the  lateral  spines. 
The  example  represented  in  Fig.  2  has  fewer  and  relatively  stronger 
spines  than  the  original  of  Fig.  1 ;  the  former  has  only  five  large 
lateral  spines  in  the  last  half  of  the  outer  whorl,  whereas  the  latter 
has  twelve  large  spines  in  the  otiter  whorl,  seven  of  these  being  in 
the  last  half- whorl.  Unfortunately  the  inner  whorls  of  the  example 
represented  in  Fig.  1  are  not  well  preserved,  but  their  ornaments 
seem  to  ap^ee  very  closely  with  those  of  the  type-specimen,  the 
spines  on  the  inner  whorls  of  the  original  of  Fig.  2  being  relatively 
further  apart.  There  are  also  differences  between  the  suture-lines 
of  the  two  specimens  ;  some  of  these  may  be  due  to  the  spiny 
character  of  tlie  shell,  the  suture-line  varying  somewhat  according  to 
the  position  of  the  septum  with  regard  to  the  spines.  The  specimens 
were,  however,  found  at  the  same  locality  and  on  the  same  horizon ; 
hence,  notwithstanding  the  differences  just  mentioned,  we  are 
inclined,  in  the  absence  of  more  satisfactory  material,  to  refer  these 
examples  to  the  same  species,  the  example  depicted  in  Fig.  1  being 
])robably  more  like  the  adult  of  Sharpens  type  than  the  original  of 
Fig.  2. 

In  regard  to  the  affinities  of  this  species,  Sharpe  correctly  pointed 
out  that  it  was  allied  to  Ammonites  Martinii,  D*Orbigny,'  a  spedes 

'  A.  d*Orhignj :  Tal.  Franq.  Terr.  Ciet.,  \ol.\  (^1841),  p.  194,  pi.  Iriii,  figs.  7-10. 
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^longing  to  the  group  for  which  Oros8oavre  has  proposed  the 
^^erio  name  DouvillHeera$,^  the  type  speqies  being  Ammonitee 
^ammiUaiuJB,.  Sohlotheim.*  It  is  evidently  closely  allied  to  the 
Aeanthoeerae  aberran$  of  Kossmat,*  who  regarded  that  species  as  an 
aberrant  member  of  the  genus  Aeanthoeera$.  That  species  appears 
io  be  very  rare,  for  only  a  single  example  is  known,  and  that  came 
from  the  Middle  Utatur  Oroap  of  Odium,  South  India — a  group 
containing  numerous  Acanthocera$  of  the  group  of  Bothomagense, 
Defranoe,  and  Mantelli,  Sowerby,  as  well  as  Turriliie$  eostatus, 
Lamarck,  etc.,  and  referred  by  Dr.  Eossmat  to  the  younger  portion 
of  the  European  Genomanian.  Neumayr*  referred  the  present  species 
to  his  genus  HopliUs. 

There  can,  we  think,  be  no  doubt  that  this  species  is  closely  allied 
to  the  genus  Douvilliicercu,  and  we  think  it  may  be  placed,  at  least 
provisionally,  in  that  genus.  Sharpe's  type-specimen  came  from  the 
Lower  Chalk,  Man  of  War  Cove,  on  the  coast  of  Dorset,  but  the 
Cephalopoda  occurring  in  association  with  it  aro  not  recorded.  From 
the  bed  in  Devon  which  contained  the  example  of  this  species 
referred  to  by  Messrs.  Jukes-Browne  and  Hill,  these  authors  record 
the  following  Cephalopoda  (the  species  marked  S  having  been 
collected  either  by  themselves  or  by  Mr.  Rhodes  for  the  Geological 
,  Survey,  and  those  marked  M  having  been  identified  by  Mr.  Meyer 
from  specimens  in  his  own  collection) : — 

Btl^mnitiUa  plena,  BiainYilla       8M 

yautilut  Fittonif  Sharpe S 

„      De$lonffchampsianut,  D'Orbigny  M 

Ammomiei  eitomphalutf  Sh&T^ S 

„         Goupilianutj  D'Orbigny        M 

„         Ai/ijDM;(U^aitK;n,  J.  de  C.  Sowerby     SM 

,,  (P) /!0;7^onrma,  Sharpe M 

„         navieularity  Manteli SM 

,,         pefUaffonua,  Jukes- Browne S 

„         planulatuSf  J.  de  C.  Sowerby  M 

,,         Jifnevieri,  Sbarpe       M 

,,  rothomoffenaiSf  Detrnnce         ...         ...         ...  SM 

Scaphitet  aqnalis,  J .  Sowerby      SM 

,,  ,,       var.  obliquuSf  J.  Sowerby      M 

Tum'Utea  Beeheif  J .  Sowerhj       M 

,,        tuberculatuSf  Bosc         M 

Swnites  aimplrx  {?)j  D^Orhignj M 

From  the  same  block  which  yielded  the  example  of  Douoilleiceras 
euomphalus  referred  to  above,  Dr.  Rowe  and  Mr.  Sherborn  obtained 
the  following  Cephalopoda,  as  well  as  one  or  two  apparently 
undesoribed  ^rms : — 

'  A.  de  GrosflouTre,  **  Les  Ammonites  de  la  Craie  snpcrieure  "  :  M6m.  Carte  g6ol. 
d6taU16e  de  la  France,  1803,  p.  26. 

»  E.  F.  V.  Schlotheim:  Mm.  Tasch.,  vol.  vii  (1813),  p.  111. 

•  F.  Kossmat,  "  Untersuchungen  iiber  die  siidindische  Kreideforraation  "  :   Beitr. 

Pal.  Geol.  OBterreichs-Ungam,  etc.,  Bd.  ix,  lift.  3  and  4  (1895),  p.  202,  pi.  ixiv  [x], 
figs.  4a-€. 

*  M.  Neamayr,  "Uber  Kreideammoniten '' :  Sitzb.  d.  k.  Akad.  d.  Wissensch,, 
Wien,  Bd.  Ixxi,  Abth.  1  (1875),  p.  685. 
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NauHlu9  expantm,  J,  de  C.  Sowerby. 


ZaiyiUieriioHMf  A.  d'Orbinij. 
Aeanthoeertu  hippocattanum  (J.  de  C.  Sowerby). 

„  ,»  u  f  ▼A'*  €WK^fr$99a,  JokM-Brownt. 

„  JUanteUi  (J.  Sowerby). 

„  ttavieulare  (Mantell^. 

Sehloenhaehia  Ooupiliana  (A.  d'Orbigny). 

,,  variant  (J.  Sowerby). 

Plaeentieerat  Larffillurtianum  (A.  d*Orbigny]« 
Scaphitet  ttqualit,  J.  Sowerby. 

»»  »>  >»  Tftr, 

Baculitetf  sp. 

IV. — N0TB8    ON    OKBTAIN    ObANITOID    FBAGMKlTrS    FBOM    THB    CULM 
G0NOLOMBBATB8,    AMD    TOURMAUMIZBD     QbITS    FBOM    THB    NbW 

Bed  Congloheratbs  of  South  Dbyon. 

By  Abthxtr  R.  Hwtt,  Esq. 

WHEN  stadying  the  Dartmoor  Rocks  some  years  ago  I  was 
anxious  to  asoertaiQ  whether  any  fragments  referable  to 
Dartmoor  ooald  be  detected  in  the  Culm  oonglomerates  and  Culm 
sandstones  of  South  Devon.  Sections  cut  from  these  rocks,  collected 
for  me  by  my  friend  Mr.  W.  A.  K  Ussher,  F.O.S.,  proved  in  eveiy 
way  so  dissimilar  from  Dartmoor  rocks  and  minerals  that  farther 
investigation  in  that  direction  appeared  useless.  About  the  same 
time  I  collected  a  variety  of  fragments  from  the  New  Red  breccia' 
at  Labrador,  near  Teignmouth,  while  Mr.  Ussher  supplied  me  from 
other  localities,  lliese,  again,  even  when  schorlaceous,  differed 
so  much  from  any  rocks  known  to  me  that  I  postponed  further 
inquiry  in  that  direction  also  sine  die.  The  facts  seemed  important, 
but  tho  clue  to  their  interpretation  was  wanting.  During  the  past 
year  Messrs.  A.  Somervail  and  Harford  Lowe,  Hon.  Secretary  and 
Hon.  Treasurer  of  the  Torquay  Natural  History  Society,  have  been 
fortunate  enough  to  obtain  a  number  of  specimens  of  a  very  fine- 
grained granitic  rock  among  the  pebbles  of  the  Culm  conglomerate 
in  the  neighbourhood  of  Roydon,  South  Devon.*  These  interesting 
rocks  they  have  been  good  enough  to  submit  to  me  for  examination, 
with  a  view  to  ascertaining  how  they  compare  with  the  well-known 
types  of  the  Dartmoor  granites.  Mr.  Teall  has  also  kindly  lent  rae 
a  slide  cut  from  one  of  Mr.  Somervail's  specimens  in  his  possession. 
I  have  seen  altogether  six  slices  of  different  specimens  of  the  Culm 
conglomerate  granites. 

My  knowledge  of  petrology  does  not  warrant  a  technical  descrip- 
tion of  the  slides  with  identification  of  the  felspars,  so  such  will  not 
be  attempted.  The  six  slides,  though  slightly  differing,  present 
a  very  strong  family  likeness  and  are  all  very  fine  in  grain.  One  or 
other  of  them  presents  the  following  marked  distinctions  from  aoy 
ordinary  type  of  Dartmoor  rocks  known  to  me  : — 

(1)  A  tendency  to  a  parallel  arrangement  of  quartz  and  mica. 

(2)  Micro-porphyritic  microcline  and  plagioclasOi  in  a  finer  matnx. 

(3)  Felspars,  occasionally  bent 

*  See  A.  Somervail,  Gbol.  Mao.,  Dec.  IV,  Vol.  V,  p.  609. 
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(4)  Strongly  marked  strain  shadows  in  quartzes,  more  rarely 

seen  in  felspars. 
(6)  The  flaid  inclusions  in  quartzes  yery  minute,  with  absenoe  of 

chlorides. 
(6)  Absenoe  of  tourmaline. 

Exception  may  perhaps  be  taken  to  No.  4,  as  strain  shadows  are 
strong  in  the  veins  of  granite  which  intersect  the  Culm  grits.  But 
these  are  peculiar.  The  only  case  of  equally  strong  strain  shadows 
within  the  borders  of  Dartmoor  known  to  me  is  shown  in  a  slice 
from  the  neighbourhood  of  Brent  Tor.  But  that  locality  may  also 
be  said  to  be  peculiar.  Taking  texture  alone,  it  would  not  be  easy 
to  find  a  Dartmoor  granite  as  fine  in  grain  as  the  fragments  from  the 
Cnlm  conglomerate ;  and  so  far  as  my  experience  goes  it  would  be 
extremely  difficult  to  find  a  Dartmoor  rock  without  either  a  trace  of 
tourmaline  as  a  mineral  constituent  or  a  trace  of  chlorides  caught 
np  by  the  quartzes. 

*  I  belieye  General  McMahon,  after  considerable  experience  of 
Dartmoor,  has  observed  that  at  the  time  of  writing  he  had  never 
seen  a  specimen  without  tourmaline.  I  may  say  that  I  have  never 
yet  examined  a  slide  from  Dartmoor  which  did  not  reveal  traces  of 
salts  crystallized  in  the  fluid  inclusions,  though  in  one  or  two  cases 
these  almost  eluded  detection.  As  a  rule,  wherever  there  is  tourmaline 
m  abundance  in  a  Dartmoor  crystalline  rock  there  will  also  chlorides 
be  found  in  abundance.  Not  so  in  the  contact  grits ;  there  tourmaline 
seems  to  abound  without  the  chlorides. 

The  differences  between  the  Culm  granite  fragments  and  the 
Dartmoor  rocks  are  sufficiently  remarkable,  but  still  more  so  is  the 
fact  that  none  of  the  innumerable  varieties  of  Dartmoor  rocks  and 
minerals  have  been  detected  in  the  Culm  conglomerates  and  sand- 
stones. I  have  never  seen  a  grain  of  felspar,  mica,  or  quartz  in  the 
Cnlm  rocks  of  which  one  could  say,  that  it  probably  came  from 
Dartmoor. 

While  engaged  in  examining  the  Culm  granitic  fragments 
I  received  in  due  course  the  Abstract  Proceedings  of  the  Geological 
Society  for  February,  1899,  containing  a  notice  of  Mr.  A.  E.  Salter's 
paper  on  Pebbles  of  Schorl  Rock  from  the  South- West  of  England, 
and  Professor  Bonney's  observation  that  Mr.  Salter's  pebbles 
resembled  certain  tourmalinized  sedimentary  rocks  which  occurred 
in  the  South- West  of  England  and  in  the  Budleigh  Salterton 
conglomerate.  This  paper,  coming  when  it  did  in  the  nick  of 
time,  interested  me  greatly,  and  Mr.  Salter  was  kind  enough  to 
send  me  a  few  scraps  of  his  pebbles.  In  one  of  them,  to  my  great 
surprise,  I  recognized  my  anomalous  schorlaceous  rock  from  the 
Labrador  breccia.  Mr.  Stdter  then  favoured  me  with  a  sight  of  his 
slides.  They  seemed  to  me  to  show  that  one  great  Devonshire 
problem  had  been  solved,  viz.,  the  origin  of  some  of  the  doubtful 
fragments  of  the  New  Red  breccias. 

By  diagnosing  Mr.  Salter's  pebbles.  Professor  Bonney  had  cleared 
up  a  difficulty  I  had  despaired  of  ever  seeing  explained.  Of  oowx^f^^ 
it  is  easy  to  be  wise  after  the  event,  so  it  was  no  aux^m^  \a  ^\i^ 

-DBCADM  rr. — YOL,    TI. — NO,    TT.  VI 
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I  had  in  mj  own  ooUeotion  of  alides  the  whole  chain  of  evidanoe 
from  beginning  to  end. 

My  own  series  consists  of  one  oontaot  slide,  granite-and-grit,  fkom 
near  Bovey  Tracey,  one  granite«and-grit  from  near  Lustleigh,  thne 
fragments  from  New  Red  of  Labrador,  two  near  Ideford,  two  near 
Yeoford,  and  two,  strangely  enough,  from  the  Brixham  raised  beaoL 
They  are  all  members  of  one  remarkable  family. 

Comparing  my  own  slides  in  the  light  of  Mr.  Salter*s,  I  notioad 
that  both  my  oontaot  slides  had  in  their  granite  portions  well-maiked 
crystals  of  idiomorphic  brown  tourmaline.  On  dose  ezaminatioa 
minute  crystals  of  the  same  brown  tourmaline  could  be  seaD 
pervading  the  interstices  between  the  quartz  granules  of  the  Culm- 
grit  portions  of  the  slides.  A  similar  invasion  by  tourmaline  was 
tiien  noticed,  both  in  Mr.  Salter's  pebbles  and  in  my  specimens  fiom 
the  New  Red  conglomerates.  In  some  cases  the  aluminous  cement 
of  the  quartz  granules  seemed  transformed  into  tourmaline.  Hie 
tourmaline  in  the  conglomerate  fragments  is  chiefly  a  bluish-green 
variety,  whereas  that  in  my  contact  slides  is  brown. 

Of  Mr.  Salter's  specimens  I  cannot,  of  course,  speak,  nor  have 
I  retained  a  single  note  of  them.  I  cannot  refrain  from  saying  aa 
much  as  I  have,  as  never  before  in  my  experience  has  the  companacm 
of  notes  thrown  so  much  light  into  an  absolutely  dark  comer. 

It  is  abundantly  evident  that  all  these  tourmalinized  grits  are  the 
debris  of  the  rooks  once  immediately  covering  the  great  gpnmitio 
areas  of  the  West  of  England.  Grits  once  plutonio,  permeated  at 
high  presBui'e  by  the  mineralized  waters  which  filled  the  fissures  in 
the  granite  with  the  well-known  felspar-quartz- schorl  veins.  Such 
action  on  a  grit  results  in  a  very  deceptive  altered  rock,  which  may 
be  anything  between  a  sedimentary  rock  and  a  crystalline  one,  but 
all  with  the  common  link  of  tourmaline  ruuning  through  them,  and 
tourmaline  very  unlike  the  types  usually  occurring  in  the  granitoid 
rocks,  where  crystallization  has  not  been  so  much  hampered  by  the 
original  minerals  of  the  sedimentary  rock;  while,  in  the  veins, 
crystallization  has  been  quite  unimpeded. 

In  the  case  of  a  tourmaline  vein,  it  is  often  easy  to  see  that  the 
mineral  is  as  original  as  the  quartz  accompanying  it  A  fissure 
existed,  and  freshly  crystallized  minerals  occupied  the  space.  But 
in  the  case  of  mineralized  waters  attacking  the  aluminous  or 
felspatlno  matrix  of  a  grit,  it  is  not  easy  to  distinguish  to  what 
extent  the  nowly-formed  tourmaline  is  derived  from  the  pre-existing 
felspatliic  element,  or  from  the  invading  fluids,  which,  perhaps,  in 
a  neighbouring  vein  prove  themselves  quite  capable  of  forming 
felspar  quartz  and  tourmaline  without  any  outside  assistance ; 
whereas  the  felspar  alone  could  supply  neither  boron  nor  fluorine. 
Tourmaline  is  truly  a  protean  mineral  occurring  in  various  forms, 
each  form  no  doubt  arising  from  its  own  peculiar  originating  cause. 

The  non-schorlaceous  granites  of  the  Culm  conglomerates,  coupled 

with  the  schorlaceous  grits  of  the  New  Bed  conglomerates,  sug^^est 

quite  a  number  of  interesting  problems.    The  Culm  conglomerates 

bear  witness  that  no  portion  of  the  Dartmoor  granite,  or  of  its 
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immediately  oovering  ztltB,  was  at  that  time  undergoing  denudation. 
The  Labrador  yoloanio  brecoiaa,  aa  they  hare  been  oalled,  bear 
witness  to  the  fact  that  daring  their  aoonmalation  the  oorering  ffrits 
were  being  largely  demolished,  the  granite  sparingly,  if  at  alL  Now, 
iiaenming  these  breccias  to  be  Permian,  would  it  not  be  possible  to 
trace  the  gradnal  uncoyering  of  the  Western  granites  by  the  character 
of  the  debris  found  throughout  the  newer  beds  of  the  Red  Sand* 
•tones?  A  yery  arduous  task,  no  doubt,  but  an  interesting  one. 
Then  the  schorlaceous  rocks  of  such  distant  localities  as  Teignmouth, 
Budieigh  Salterton,  and  the  Midlands,  should  be  carefully  compared. 
Periiaps  the  first  question  to  get  answered  is — Is  there  any  region 
known,  except  the  West  of  England,  which  produces  crystalline 
schorlaceous  rooks  crammed  with  chlorides ;  and  fine  grits,  saturated, 
•0  to  speak,  with  tourmaline  ? 

I  need  not  say  what  a  yery  important  bearing  these  tourmalinized 
grits  have  on  the  volcanic  theory  of  Dartmoor.  Were  the  Dartmoor 
rocks  first  exposed  to  denudation,  the  once  plutonio  tourmalinized 
grits ;  or  were  they  the  higher  lavas  and  ashes  of  a  yoloano  ?  They 
cannot  very  well  have  been  both.  Then  how  are  we  to  reconcile  the 
apparently  early  appearance  of  these  covering  grits  in  the  con- 
glomerates with  the  famous  Oattledown  hypersthene-andesites  found 
by  the  late  Mr.  R.  N.  Worth,  and  referred  by  him  to  an  ancient 
iKartmoor  volcano?  Dartmoor  is  a  wondrous  easy  problem  if  we 
suppress  inconvenient  evidence.  But  hear  all  sides,  and  it  is  a  tough 
not  to  crack. 

In  conclusion,  I  cannot  refrain  from  expressing  my  admiration  of 
the  pertinacity  with  which  my  friends,  Messrs.  Somervail  and  Lowe, 
have  so  continuously  attacked  the  Culm  conglomerates.  These 
granitic  fragments  are  entirely  new  facts,  and  facts  which  may  lead 
to  a  good  many  more,  and  one  real  new  fact  about  Dartmoor  is  worth 
a  volume  of  theories,  however  large  such  volume  may  be. 

y. — On  thx  Courses  of  the  Landwassbb  and  the  Lamdquabt. 

By  A.  VAVOHAir  jBinrnros,  F.L.S.,  F.G.S. 

CASES  of  relatively  recent  change  in  the  courses  of  rivers,  due  to 
the  invasion  of  their  valleys  by  neighbouring  and  more  rapidly 
working  streams  and  the  consequent  diversion  of  their  waters,  have 
been  investigated  of  late  years  by  an  increasing  number  of  geologists 
in  different  countries.  Such  phenomena  are,  of  course,  most  frequent 
in  mountain  districts,  and  the  Swiss  Alps  have  yielded  many 
examples  of  greater  or  less  certainty.  Some  oases  are  evident  and 
undeniable;  others  are  difficult  to  decide  upon,  and  need  careful 
consideration  of  all  available  evidence ;  while  in  yet  other  instances 
it  is  possible  that  statements  as  to  the  occurrence  of  such  changes 
have  been  accepted  on  inadequate  authority.  The  generally  received 
opinion  as  to  the  present  and  past  relationship  of  the  Landwasser 
and  the  Landquart  can  certainly  not  be  included  in  the  last  category, 
but  neither  can  it,  I  think,  be  rightly  placed  in  the  first. 

The  Landquart  is  a  river  of  Northern  Oraubundeu  whkk  tlq;^ 
flows  from  the  glaoien  of  the  Silvretta  growp  notOdwvtQi  vA 
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WMtwtid  thnmgfa  ths  fntlb  Prttipa  to  Join  Am  BUm  beta 
Ohnr  «Dd  BigMb  Nmt  th«  viUage  oif  Kloilin,  whan  tha  aura 
nUar  of  ito  nonntoln  odium  wtoani  into  tho  unplMC  troogli  of 
mumo.  it  tooaf  vet  two  teOmtuiai.  nmai  tha  norili  flows  fa) 
tfw  SeU^piu,  ziiing  boUnd  tha  nggad  wm  of  tha  Bh 
Bhltikon ;  on  Uw  aovth  ^ona  a  aid*  nUa^,  wfaioh,  whan  fbllo' 
,  ia  Jbond  to  load  to  fha  nddla  that  now  doaaa  tlia  norlhacm 
tha  hmona  '  valley '  of  Davoa.     Tba  atnam  iriiioh  qipan 


7, 


aeetrdtnf  f»  Pe»/.  MtijH~ 

deioends  from  tbig  saddle  prove*  to  be  formed  by  the  anion  of  i 
one  from  the  eut  Etnd  one  from  the  west,'  bat  there  is  none  floi 
direoUy  from  the  broad  ptoe-otad  divide  between  Wolfgang  and 
Dmaatch  Alp.  On  the  south  side  of  this  onrions  'Enlra'  liea 
deep  Davoser  See,  and  into  the  long,  almost  level  allnvUI 
vrhioh  inooeeda  it  flow  three  rivers — uie  Fluela,  the  Disohma, 
the  Bertig.  The  Flnela  and  the  Disohma  enter  near  together  bi 
the  aonth  and  of  the  lake,  and  form,  with  the  insignifioant  oat 

1  The  ttntou  *r«  Uia  HoiuihklpbMhlsnd  tha  Stiitilwali;  tlw  nnilt  cf 
eoadDmos  I  hin  called  tlw  LanteiE>u:h,ibiit  And  thkt  on  tome  nupi  it  ii  ealUi 
Btii.Ulm'k  down  to  Klotten. 
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of  th9  Iftke,  the  orig;iD  of  the  Luidwaaser.  Fira  milm  below  the 
lake,  bat  only  at  a  level  of  thirty  metrei  below  ita  aurfaoe,  the 
XandwaoMr  is  joined  by  the  Sertig,  which  flowa  also  northwaid  and 
weatword  from  ita  souroe  among  the  bdowi  of  the  Dnoan.  Tbju 
reinfoToed  the  Landwaaaer  flowa  on  pact  Fraueokiroh  and  Glttria, 
and  throDgb  the  Ziige  gorge,  finally  joining  the  Albola,  and  bo  in 
time  also  reaching  the  B 


-2".  ^/•tstfit  drM-inrnpe  t/  /Ae  J>^i'ts  diaff/r/. 

Profeaeor  Heim  oonaideri  that  tbia  diatributioo  of  tbe  two  riven 
and  their  tributariea  does  not  represent  the  original  drainage  oon- 
ditJona  of  the  area.  He  ie  of  opinion  that  the  valley  of  the 
Landwaaaer  onoe  extended  northward  above  the  preaent  site  of 
Elosters,  and  that  its  river  was  oontinaous  with  that  rising  at  the 
hMd  of  the  SobUppinaUial.'  The  western  aide  of  thia  valley 
oonuated  of  a  rook-walt  oontinnoos  with  the  maaaee  now  remaining 
on  either  side  of  the  Priitigaa — the  Madrishom  and  Galanda  on  the 
north  and  the  Casanna  and  Cotaobna  on  the  aouth.  This  wall,  on 
the  hypothesis  in  question,  waa  cut  through  by  the  head  watera  of 

1  >•  HwhuuRata  d«f  QcbirgibUdimg ,"  p.  %l\. 


.  i 
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aonioe  mora  npidlj  tlunflM  woitBt  LftddwiiMr  mid  tapM  to 
bed.    TIm  iMdt  WIS  dirt  tlw  hlter  ins  Mft  Into  lif  Ito  iDiBi^^ 
to  wrtMT*^  wlfh  fhiw  of  to  iQf«  tdtatato^  AvwM  M9  Al 
channd  of  tto  jptoto  ttuMin, 

TUa  thtoiy  £mi  Ibditvib  bMOMoa^id  bjgeoIiMiMt  ia  jpMil 
both  in  SwitwilAiid  and  ebowhoiOtit  bat  bow  InoDiMnliiAlif 
ProftMor  Tunonor  in  hit  xoviatd  odilfam  of  lliaobild^s  ^VUam^ 
bilder  aos  dor  BhStfidhoii  Alptn,"  and  it  hat  boon  aaia  wiU*' 
known  to  Bnglith  readon  hj  to  InbliMion  in  Br  Joha  lAfabodn 
"  Soenory  of  BwitMrland."  ^ 

It  mtj  Mom  radi  to  qvoiHoii  a  Tiow  pnt  fbrward  by  ao  bUk 
an  anthoritj  and  so  ilRNiglj  rappoftod;  bot  aa  I  bava  ilm^y  ^ 
■ome  eztont  oommitted  mymf  to  an  ontnioa  on  tha  wakjfKtkf  ft  to 
pexbapo  both  jutiflaUa  and  adrinUo  that  I  ahoold  poiit  onl  tta 
oonaideiatimia  which,  daring  iovml  montha*  atodj  of  flia  JhliiBl» 
haTo  Momed  to  mo  to  woigh  aninit  ito  too  readr  aoeiptotian. 

Tho  oonditiona  whidh,  aoooioing  to  tha  bjpothari^  adotod  faotoa 
tha  diTortion  of  tho  anoiant  'Landwaitar^  ara  ihown  in  Ife  L 
Evan  at  flrrt  tight  thoio  ttamt  hara '  tooMthfaig  ditoft  Ima; 
tho  utnal  typo  of  riTor  oi^n.  Thaia  it  an  tbttnoa  of  llii 
troo-like  ttmotoro,  of  tha  oUiqno  oonvatganoa  of  tribotariaa  iboiaaa 
atiooiatet  with  the  upper  watert  of  a  jbainaga  qfatam,  wlito  to 
northward  trend  of  the  main  feedert  from  tlio  eait  ttema  diatiaoi^ 
ezoepiional. 

LeaTing  theee  diffiooltiea  atide,  however,  for  tho  pretent»  and 
observing  the  soaroes  from  which  the  river  woald  have  been 
tupplied,  it  ie  evident  that  the  ancient  <  Landwatter '  mnat  have 
possesBed  a  current  of  considerable  volame  and  great  erosive  power. 
The  present  Landwasser,  fed  from  the  mountains  of  the  Soalotto  aad 
Ducan  districts,  is  no  mean  excavating  agent  in  the  Franenkirdi^ 
Filisur  valley,  but  its  predecessor  would  have  had  in  addition  the 
whole  force  of  the  '  Upper  Landquart,'  the  drainage  of  tho  anew 
and  icefields  of  the  great  Silvretta  group.  We  may  therefore  be 
reasonably  sure  that  such  a  river  would  be  rapidly  deepening  ita 
channel  and  tending  to  add  to  the  relative  height  of  its  wettom  wall 

The  question  then  arises  as  to  the  nature  of  the  stream  on  the 
other  side  of  this  barrier,  and  whether  it  is  likely  to  have  had  the 
erosive  force  requisite  even  to  keep  pace  with  ita  powerfol  neigh* 
hour.  It  is  difficult  to  imagine  tiiat  sucdi  can  have  been  the  oata 
The  lower  Landquart  is  supplied  by  numerous  streams  from  tha  tide 
valleys  of  the  Pr&tigan,  but  these  enter  it  approximately  at  right 
angles  from  north  or  south,  and  their  representatives  at  that  time 
oould  have  tid^en  no  part  in  the  denudation  of  the  traaaverse 
diff-like  outcrops  at  the  head  of  the  system.  When  the  rook  ridge 
stretched  across  from  the  Madrishom  to  the  Casanna  the  head  wataia 
of  the  Landquart  would  have  been  only  the  little  rivuleta  riling 
on  the  western  face  of  the  ridge  of  itself.  The  Landquart  between 
Elostert  and  Semeus  owes  its  existence,  according  to  the  tbeoiy 

'  LoodoB,  189S,  p.  190.       *  Q^oni.  loox^.  QttK^.  %Q«.^itA«  Ut  ;  Avgast^  Ittt. 
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ibelf,  to  the  remoTal  of  the  barrier  ridge,  and  oannot  therefore 
be  regarded  as  the  cause  of  that  remoyai.  There  were  doabtleet 
■mall  streams  at  work  on  the  east  side  of  the  ridge  (as  suggested  by 
die  dotted  lines  in  Fig.  1),  but  it  is  difficult  to  understand  how  there 
oonld  have  been  any  rirer  desoribable  as  the  former '  Landqnart  * 
engaged  in  its  destruction. 

The  conditions  which  then  existed  may  be  paralleled  at  the 
present  day  by  the  source  of  the  Plessur,  a  short  distance  to  the 
■oath.  This  rirer  is  an  important  one  in  the  Schanfigg  valley 
after  the  lateral  influx  of  the  Fondeier  and  the  Arosa-wasser  : 
ite  upper  waters  are  insignificant,  and  originate  in  a  rivulet 
between  the  Weissfluh  and  the  Schiahom.  The  limestone  ridge  of 
the  Sohiahom  and  Eupfenfluh  here  occupies  just  the  same  position 
in  relation  to  the  Davos  and  Plessur  valleys  that  the  ancient  ridge 
at  Klosters  did  to  the  Landwasser  and  Pratigau.  Between  the  two 
Boimtains  the  ridge  is  lowered  where  it  is  traversed  by  the  Strela 
Pass,  but  there  is  practically  no  running  water  at  work  on  the 
western  face  at  this  point,  and  no  evidence  of  denudation  except 
Hmt  of  atmospheric  agents  and  the  cutting  of  the  Schiabach  on  the 
east.  Sir  John  Lubbock,^  it  is  true,  suggests  that  "  It  is  possible 
that  in  the  distant  future  the  Landwasser  may  be  still  further 
robbed  of  its  territory.  The  waters  of  the  Davos  Lake,  the  Fluela, 
the  Dischma,  and  the  Euhalpthal  now  take  a  very  circuitous  route 
Id  Chur,  and  it  is  not  impossible  that  they  may  be  captured  and 
oarried  off  by  the  Plessur." 

Such  a  change  may  appear  conceivable  when  considered  only  with 
the  aid  of  sketch-maps,  but  I  venture  to  think  that  anyone  who 
carefully  observes  the  contours  or  studies  the  locality  in  person, 
will  find  it  very  difficult  to  imagine  its  possibility.  At  its  lowest 
the  limestone  ridge  is  2,000  feet  above  the  Landwasser  at  Davos, 
and,  as  pointed  out  above,  is  suffering  no  specially  rapid  denudation. 
On  the  other  hand,  the  Landwasser  is  a  considerable  current  which 
under  normal  conditions  would  be  constantly  lowering  its  level  and 
so  relatively  adding  to  the  height  of  the  divide  between  it  and  the 
Plessur  basin.  It  seems  to  me  that  a  similar  condition  of  things 
would  have  existed  in  the  Klosters  neighbourhood  according  to 
Professor  Heim's  theory. 

It  may  be  argued  that  some  geological  peculiarity  of  the  district 
may  have  contributed  to  a  rapid  destruction  of  the  ridge.  It  is 
true  that  the  neighbourhood  is  one  of  complex  structure  —  of  the 
rapid  thinning  of  some  strata,  and  of  folds  and  faults,  torsion  and 
overthrust  The  hypothetical  ancient '  Landwasser,'  however,  seems 
to  have  followed  its  own  course  independent  of  the  disturbed 
strike  of  the  strata  and  uninfluenced  by  the  variety  of  rocks 
through  which  it  out,  and  we  have  no  reason  for  supposing  any 
•peoial  conditions  that  would  have  assisted  its  rivaL  Had  there 
been  any  important  line  of  weakness  running  east  and  west,  the 
north-and-south  course  of  the  Landwasser  would  scarcely  have 
been  in  the  first  instance  established. 

^  <•  acmerf  oi  Switurland,**  p.  192. 


Again*  a  ito^j  of  Uia  mologioiil  iii«p  naj  igggirf  tihttt  fli» 
baok-oatttng  of  llio  LanqqoArt  wis  duo  to  fSsm  non  npid  «i 
of  the  graj  Bfindnor  EUiiete  of  the  PriMBMi,  in  oouipMiooa.  wilk- 
that  of  tho  oijataUino  xooka»  limaatonaij  elOb»  wUbh  fimod  Om  boL 
of  the  '  Laadwaaaer/  Thagragr  BfiiidiiorBoUofer,hoiP«f«^kijMi^ 


mt  the  baae  of  the  ridge,  and  it  ia  ttie  thioiu^-oiitting^if  Hm  cite 
itself  that  ia  the  dilBoallgr.  Ift  ivaa  onfy  jaftsr  the  enttiiig  oif  Jto 
ridge  that  the  Landqoart  wooU  in  the  cri&al  area  havie  wxdsmkM 
the  nnderiving  dudes,  and  this  brings  as  .to  a  oonsidentioii  of  fliit 
natore  of  ue  ridge  itsell 

Although  the  district  is  n  diffloolt  ons^  oiAut  to  ito  bilag  Ai 
point  at  whibh  the  simple  oatoim-Iine  of  stritfiM  wocIgs  vmabf 
south-east  to  Klosteis  from  the  Sosssplans  distiiot  paves  into  m 


oomplez  folds  traoeaUe  near  Dwoib  jot.  a  stn^j  4if  the  pwMft 
outcrops  of  the  faripns  ftrmatioos  giYes  ns  a  lUriy  aoepnto  Jdaaitf 
what  moat  have  been  the  atmoiora.  Ita  most  oonapioaows  ftsint 
was  doubtless  the  band  of  ^Hanptdolomit'  now.seen  to  fHm  At 
Oasanna  on  the  south  of  the  rat^gaa  and  Ike  Oalaiida  §m  As* 
nortL  A  line  drawn  from  the  prassnt  top  4if  the  former,  donbflsa 
then  oonsiderabi J  higher,  to  the  upper  limit  of  Umsstone  ondielaMv 
giyes  a  heif^t  above  the  sea  of  8,660  metres.  This  wooU  be  alnak 
4,800  feet  aboTO  the  presmt  leiral  of  Klostan*  and  S^OO  ft* 
al)oye  the  Drusatch  Alp.  The  limestone  ssries  waa  aooompanhJ  hr 
a  greater  or  less  thickness  of  Yermcano  end  Osssnns  Somebr,  win 
probably  a  band  of  serpentine ;  and  the  whole  series  was  thrust 
over  the  grey  Bundner  Sohiefer,  which  dipped  south  and  esst 
below  it  Above  the  limestone  and  its  associated  rodES  there  was 
in  all  probability  a  capping  of  the  schists  and  gneisses  belongiiig 
to  the  older  crystalline  series,  such  as  now  overlie  it  to  a  vast 
thickness  on  the  Eastern  Rhatikon,  and  still  remain  to  form  the 
peak  of  the  Madrishom.  What  may  have  been  the  thickness  of  this 
crystalline  covering  it  is  impossible  to  say.  Even,  however,  if  we 
suppose  it  to  have  been  removed  before  the  period  under  consideratioa 
there  would  still  remain  a  barrier  of  a  height  and  constitntioQ  to 
render  it  a  formidable  task  for  a  few  rivulets  to  attempt  in  com* 
petition  with  the  forceful  river  on  its  further  side. 

Lastly,  when  one  considers  that  the  ancient '  Landwasser  *  repre- 
sented not  only  the  combined  Schlappina,  Upper  Landquart^  and 
Landwasser  of  to-day,  but  almost  certainly  a  far  greater  volume  of 
water  owing  to  the  wider  extent  of  the  snow  and  ice*fldde  on  the 
eastern  mountains — a  difference  of  conditions  that  would  not  have 
had  proportionate  effect  on  the  Calanda-Ootschna  ridge  — ths 
inequality  'between  the  two  agencies  at  work  becomes  still  moce 
conspicuously  marked. 

Snoh  are  some  of  the  difficulties  which,  it  seems  to  me,  one  must 
overcome  before  accepting  Professor  Heim's  view.  When  we 
endeavour  to  get  an  idea  of  the  bed  of  the  ancient  *  Landwasser/ end 
attempt  to  derive  from  it  the  present  conditions  between  Klosftsfs 
And  the  Davos- Qlaris  region,  we  meet  with  oonsiderationa  no  less 
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difficult  to  reconcile.  To  appreciate  these  it  it  necessaxy  to  obaenre 
iome  of  the  pecoliaritiea  of  the  Daros  '  valley.' 

K  we  follow  up  the  Lareterbach  from  ElosterB  we  find  it  descend! 
in  a  steep  yalley  with  solid  rock  on  the  east  and  a  great  accumulation 
of  moraine  and  detrital  material  on  the  west  Some  three  miles  up, 
near  Laret,  it  cunres  west,  and  is  seen  to  descend  from  the  pass 
between  the  Casanna  and  the  Todtalp.  Just  below  this  bend  it 
receiyes  the  Monchalpbach,  flowing  from  the  Pischa  glacier  on  the 
easty  but  there  is  no  stream  descending  in  the  middle  line  of  the 
yalley.  Half  a  mile  south  of  the  Stutzbaoh  is  Wolfgang,  the '  Eulm  * 
of  the  Dayos  'yalley/  1,634  metres  aboye  the  sea,  or  425  aboye 
Klosters.  West  of  Wolfgang  is  the  serpentine  mass  of  the  Todtalp, 
lying  back  at  some  distance  but  with  a  great  talus-fan  at  its  foot, 
which  spreads  oyer  the  Eulm  and  has  apparently  forced  southward 
the  stream  of  the  Todtalpbach.  East  of  Wolfgang  lies  the  remark- 
able rounded  and  tree-covered  elevation  which  stretches  transversely 
aoross  the  valley  and  reaches  a  height  of  1,776  metres  at  the 
Drusatch  Alp,  where  it  abuts  against  the  schists  and  gneisses  of 
the  Homli. 

The  southern  slopes  of  this  ridge  descend  to  the  Davoser  See,  which 
is  a  mile  in  length  and  about  half  as  much  in  width.  While  popular 
tradition  as  to  the  depth  of  the  lake  is  undoubtedly  exaggerated,  the 
eyidence  of  sounding  and  of  calculation  from  the  slopes  of  the 
anrrounding  mountains,  leaves  no  doubt  that  the  bottom  is  some 
150  metres  below  the  surface  at  the  deepest  point,  about  a  third 
of  the  length  from  the  north  end.  The  south  end  shallows  rapidly 
and  terminates  in  the  low- lying  meadows  around  Dorf,  which  in  turn 
are  continued  into  the  alluvial  flat  stretching  on  past  Davos  Platz. 
Into  these  meadows  flows  the  Fluela,  and  its  now  canalized  course, 
turning  southward  and  receiving  the  little  stream  issuing  from  the 
lake,  forms  the  origin  of  the  Landwasser  of  to-day.  Increased  in 
yolume  by  the  influx  of  the  Disohma,  the  Landwasser  flows  on,  with 
but  little  drop,  to  Frauenkiroh.  Here  it  lies  on  the  western  side  of 
the  valley,  and  on  the  east  a  vast  accumulation  of  detrital  material 
marks  the  mouth  of  the  incurrent  Sertig.  This  mass  presents 
a  steep  bank  30  metres  high  to  the  river,  and  is  cut  out  above  into 
the  wide  flat  terraces  of  the  Wildboden  and  Junkersboden.  The 
level  of  these  terraces  is  just  the  same  as  the  present  level  of  the 
lake,  so  that  the  height  of  their  terminal  bank  represents  the  total 
fall  of  .the  Landwasser  in  the  first  five  miles  of  its  course.  Below 
Frauenkiroh  the  river,  no  longer  canalized,  pursues  a  winding 
course  past  Spinabad,  Glaris,  and  Monstein,  and  then  plunges  into 
the  gorge  of  the  Ziige.  As  far  as  Olaris  it  is  flanked  on  the  west  by 
great  masses  of  detrital  material,  but  soon  after  passing  that  village 
it  flows  practically  on  its  true  rook  bed. 

In  a  paper  published  last  year  ^  I  called  attention  in  greater  detail 
to  these  general  features  of  the  Davos  area,  and  also  pointed  out — 

^  Yanghan  Jennings,  "  On  the  Structure  of  the  DaTos  Yalley"  ;  Q^iaxt.  I^^aae^* 
Geol.  Soc.,  Tol.  lif  (1898). 
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(1)  That  the  Landwasser  was  not  rnDning  as  at  present  when  the 
detrital  fan  opposite  Frauenkiroh  acoumulated,  siooe  a  portion  of 
that  fan  still  exists  on  the  west  side  of  the  valley,  separated  from 
the  main  mass  by  a  sabsequent  down-oatting. 

(2)  That  as  the  whole  bed  of  the  Upper  Landwasser  liea  on 
alluvial  and  detrital  material  its  present  oonrse  gives  no  indication  of 
the  real  oontoar  of  the  rook-floor ;  and  the  latter  may,  and  probably 
does,  slope  northward. 

(8)  That  a  comparison  of  the  slopes  of  the  moantain  aides  at 
a  series  of  points  along  the  Davos  area  also  gives  sapport  to  thi» 
sag^stion. 

(4)  That  the  ice-movement  in  the  district  was  certainly  northward. 

(6)  That  solid  rook  in  Bttii  cannot  be  found  on  the  Wolfgang- 
Drusatoh  ridge,  and  that  this  feature  in  the  landscape  probablj 
consists  entirely  of  moraine  material,  mainly  ice-borne  from  the 
Todtalp. 

The  oonclusions  which  I  based  on  these  observations  were  aa 
follows :— (1)  That  in  Pre-Olacial  times  the  Fluela,  the  Disohmay 
and  perhaps  the  Sertig,  flowed  northward  into  the  Landquart. 
(2)  That  in  Post -Glacial  times  the  presence  of  the  WolfgaDg- 
Drusatch  mass  and  the  detrital  accumulation  round  ClavadeT  and 
Frauenkiroh — then,  as  I  have  shown,  far  greater  than  now — caused 
the  formation  of  a  lake  between  these  two  points,  probably  with 
an  outflow  over  Wolfgang.  (3)  That  in  time  the  work  of  the 
Landwasser  below  Frauenkiroh,  and  perhaps  of  the  Sertig  also,  ao 
weakened  the  southern  dam  as  to  cause  an  outflow  of  the  lake  in 
that  direction,  carrying  with  it  the  waters  of  the  Fluela  and  Dischma. 

In  making  these  suggestions  I  did  not  fully  realize  the  extent  to 
which  they  were  connected  with  the  whole  question  of  the  past 
history  of  the  rivers;  nor  did  it  occur  to  me  that  some  geologists 
would  be  willing  to  accept  the  idea  of  the  former  northward  flow  of 
the  eastern  tributaries,  while  still  holding  not  only  to  Professor 
Heim's  view  but  also  to  a  belief  in  a  solid  rock  ridge  between 
Wolfgang  and  Drusatcha.  I  may,  therefore,  perhaps  be  allowed  to 
say  soiuetbing  in  support  of  the  conclusions  I  then  arrived  at  before 
pointing  out  their  bearing  on  the  main  question  under  consideration. 

It  has  been  objected  by  some  that  the  detrital  accumulations 
opposite  Frauenkiroh  are  mainly  of  a  fluviatile  character,  and  as 
a  whole  are  not  of  sufficiently  compact  and  massive  character  to 
have  held  up  the  waters  of  a  great  lake.  We  have  exposed  here, 
however,  only  what  is  probably  a  fringe  of  lighter  material  round 
the  edges  of  a  mass  of  coarser  detritus.  There  are  abundant 
examples  near  Glavadel  of  large  rock-fragments  ice-borne  down  the 
Sertig  valley.  It  is  also  by  no  means  necessary  to  suppose  that  the 
southern  dam  was  merely  a  transverse  barrier  at  this  point  It  is  very 
probable  that  the  whole  valley  was  choked  with  debris  as  far  south 
as  Monstein.  The  enormous  thickness  of  detritus  full  of  ice-borne 
blocks  which  occurs  at  that  village  doubtless  once  crossed  the 
JjandwaBBer  valley  and  abutted  against  the  western  clififs  of  the 
Ziige.     In  the  same  way  the  banV^  ciiid.  XAxtObOoa  of  the  Langmatter 
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distriot  are  oat  out  of  a  mass  that  probably  onoe  stretdhed  aorou  the 
Tallej,  and  was  heaped  up  agaiost  the  slopes  of  the  Binnerhom. 
We  haye  here  an  ftnu>ly  sumoient  amount  of  material  to  have 
supported  the  lake.  The  fad  of  the  former  southerly  extension  of 
the  lake  is  generally  aooepted  and  perhaps  undeniable,'  but  there 
seems  no  other  way  of  aooounting  for  its  ezistenoe  than  that  here 
suggested. 

Seoondly,  as  to  the  nature  of  the  Wolfgang-Drusatch  barrier. 
When  I  made  the  suggestion  above  referred  to  I  based  my  oon- 
dnsions  on  physiographio  grounds  only.  The  form  and  position  of 
the  mass  and  its  overgrown  oharaoter,  offering  a  striking  oontrast  to 
the  bare  and  weathered  Todtalp  of  which  it  has  been  regarded  as  an 
extension,  suggest  anything  but  an  anoient  ridge  of  rook  exposed  to 
denudation  since  Pre-Qiaoial  times.  It  is  evident  that  an  immense 
amount  of  material  must  have  been  removed  from  the  east  of  the 
Todtalp ;  yet  we  do  not  find  great  accumulations  of  serpentine  in  the 
lower  valleys.  Evidence  of  extensive  glaoiation  is,  as  Theobald 
specially  noticed,  abundant  on  the  upper  Todtalp  slopes.  What, 
then,  is  more  natural  than  to  suppose  that  the  removed  material 
was  piled  up  in  this  position  ?  Added  to  this,  the  difficulty  of  in 
any  other  way  accounting  for  the  lake  and  other  features  of  the 
Tmley  seemed  to  me  ooncluBive. 

Since  then  I  have  spent  some  months  in  studying  the  solid 
geology  of  the  neighbourhood'  and  find  that  the  results  of  this 
totally  different  line  of  inquiry  are  confirmatory  of  my  former 
opinion.  Thus  the  serpentine  baud  undoubtedly  occupies  a 
oonstant  position  between  certain  rocks :  it  follows,  that  is,  the 
strike  of  all  the  other  formations.  Its  outcrop  runs  from  between 
the  Schiahom  and  the  Weissfluh  down  the  Meierhoferthali,  and 
obliquely  across  by  Wolfgang  to  Laret ;  it  reappears  on  the  east  of 
the  Lareterthal  at  Riiti,  and  crosses  the  Upper  Landquart  valley  to 
Monbiel.  The  line  of  strike  thus  excludes  the  whole  of  the  Wolfgang^ 
Drusatch  harrier.  If  that  mass  were  composed  of  rock  in  eitii  it 
would  not  be  of  serpentine,  but  of  crystalline  schists,  limestone,  and 
'verrucano';  a  continuation  of  the  rocks  of  the  D5rfliberg  and 

^  I  hsTe  been  leyeral  times  asked  what  date  may  be  attributed  to  the  former 
•xteuioii  of  the  lake  towards  Frauenkirch,  but  I  am  not  aware  of  any  eridence  on 
which  condnsions  can  be  based.  The  infilling  of  the  old  lake  by  detritus  from  the 
moBntain  sides  and  material  brought  down  by  tne  streams  must  liaTe  been  going  on 
since  its  earliest  dars,  but  it  is  probable  that  the  final  disappearance  of  standing  water 
from  parts  of  the  tfavos  leyel  is  a  Tery  recent  matter.  The  peat  at  the  southern  end 
items  modern,  and  above  the  Davos- Frauenkirch  road  tiie  talus  slopes  contain 
a  considerable  qnantity  of  peatr  material  near  the  surface.  At  the  northern  end,  I  am 
told  that  the  Fiuela  dischaigea  into  the  lake  within  the  memory  of  those  still  living. 
It  is  said  also  that  the  Romans  used  the  Fiuela  Pass  as  a  route  between  the  Pratieaa 
and  the  Engadine,  and  the  finding  of  Roman  remains  at  Drusatcha  suggests  that 
thsT  traverwd  the  ridffe  at  that  point  and  passed  round  the  shoulder  of  the 
Seeiioni.  This  is  not  likely  to  have  been  their  route  if  thev  could  have  crossed  in  the 
naighboorhood  of  Dorf .  The  name  Wolfgang  itself  is  saia  to  represent  the  fact  that 
the  ridge  formed  the  path  of  wolves  from  tne  eastern  mountains,  and  this  also  seems  to 
soffgeit  that  the  foot  of  the  Fiuela  vallev  was  recently  closed  by  the  waters  of  the  lake. 

*  The  resolts  of  this  survey  are  emoodied  in  a  paper  read  before  the  Qeolo^cal 
Society  on  Hay  10th,  1899. 
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of  those  which  are  seen  on  the  east  bank  of  the  lake  and  which 
reappear  north  of  the  MonchalpthaL 

Betnming  now  to  the  question  of  the  oourse  of  the  ancient 
Landwasser,  I  hare  endearoured  in  Fig.  3  to  represent  in  diagram 
its  possible  changes  of  position  in  relation  to  the  Davos  area. 

If  we  imagine  the  Schlappinatbal  broaght  into  line  with  the 
Laret-Landwasser  ralley,  we  obtain  the  present  surface  contour  here 
shown.  If  we  take  a  point  near  the  source  of  the  Schlappina  and 
draw  a  line  to  the  point  near  Qlaris  where  the  Landwasser  now 
flows  on  solid  rook,  we  may  get  an  idea  of  what  might  hare  been 
the  river-bed  had  the  ancient  Landwasser  persisted  to  the  present 
daj.  The  lines  a  and  a^  drawn  parallel  to  this  at  different  heights 
may  therefore  represent  its  oourse  at  different  remote  periods.  The 
cutting  away  of  the  western  ridge  may  be  represented  by  a  succes- 
sion of  notches,  b,  b^  On  the  supposition  that  this  cutting  was 
more  rapid  than  the  lowering  of  the  river-bed  there  would  have 
oome  a  time  when  one  of  the  notches  reached  the  line  a,  k\  and 
the  Iiandwasser  was  consequently  diverted  into  the  Pratigau. 

Sabsequently  the  new  river,  the  Landquart,  widened  its  valley,  till 

gradually  approximated  to  its  present  size,  represented  diagram- 

tkiatically  by  o,  o^    At  the  same  time  the  Schlappina  on  the  north 

^Wonld  be  progressively  lowering  its  level  and  nearing  its  present 

jKwition.      On  the  south  it  may    be  supposed   that    the  stream 

^representing  the  present  Lareterbach  would  have  lowered  its  bed 

"^lirough  a  succession  of  stages  represented  by  d  and  d\    The  result 

tbis  would  be  the  production  of  a  watershed  between  it  and  the 

lin   of  the  remaining  Landwasser ;   there  would  be  a  ridge  or 

jast  where,  as  a  matter  of  fact,  there  is  a  deep  lake.    If  the 

A/Volfgang-Drusatch  ridge  were  of  solid  rook  in  $iiii  it  might  at  first 

^ight    be   thought  to  satisfy  the  required  conditions,  but   it    is 

evident  that  its  sudden  drop  of  350  metres  on  the  south  could  not 

'fce  attributed  to  erosion  by  the  Landwasser.    This  brings  us  to  the 

'^noat  important  point  of  all :  the  striking  fact  that  the  bottom  of  the 

lake  is  aettMlly  lower  than  the  bed  of  the  Landuoaaser  at  Glarte, 

It  seems  so  impossible  to  reconcile  this  fact  with  any  view  but 

%hAt  which  supposes  a  northerly  slope  of  the  rock-floor  of  the  valley, 

%hat  it  appears  scarcely  necessary  to  pursue  the  subject  further, 

mnd  we  may  summarize  the  results  of  our  whole  inquiry  some- 

^what  as  follows : — 

(1)  The  theory  of  the  former  origin  of  the  Landwasser  in  the 
Schlappinatbal  is  not  tenable  if  the  Wolfgaug-DiTisatch  ridge  is 
aolid. 

(2)  If  this  ridge  is  an  accumulation  of  Olaoial  age  the  hypothesis 
may  be  still  tenable,  but  only  on  the  supposition  that  after  the 
diversion  of  the  Landwasser,  the  Fluela  and  Disohma  were  also 
inmed  northward  and  produced  a  rook-bed  sloping  toward  Klosters 
from  some  watershed  south  of  Davos. 

(3)  This  second  possibility  does  not,  however,  dispose  of  any 
of  the  difficulties  attending  the  cutting  of  the  CaBaima-llLii^T\£ti<;srGL 


,-    'f^  ►', 
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lidgdi  and  mdar  fliais  ebonnMlHiow  it  mmm  MinnI  to     

that  after  aU  tha  Floela,  DmAmm.  mA  telfab  «»  ^i^U  m  tm 
8ohlapi»iii%  may  hava  bean  origlnai  tribataxiaa  ofttia  Laal^wit 

In  thia  oaia  fbaia  ia  no  longer  am  dmaJtyin  mimrteaillBt  flia 
ODtting  of  the  monntain  harriar  Joal  maBHonad.  Iha  oli  iNvt 
ajstem  would  bava  had  a  niwdi  mora  naaal  ohanalar  and  wmM 
nataisll J  take  ita  place  among  aimilar  ^jaleBM  in  tiba  avranndiM 
moontaina.^  And  hatty,  if  we  aooept  tUa  Tlavr,  wa  an  iio  loaMr  li 
a  loaa  to  explain  flie  antauloaa  phjriogtaphla  iiualniaa  of  flia  Davoa 
▼aUej,  lml»  on  the  other  hand,  aia  in  a  poaMon  to  oftr  a  abnpto 
eolation  of  ita  proUeoMk 

Z&  S  "V  Z  32  "W  8. 

L — TlwfAmga  o«  ths  Hbuolrida  By  O.  Lmanta..  Yim§ 
STenaka  Yetenakapa-Akad.  Handlingar,  Bd.  nodi.  Ha  1.  4t»i 
140  pp..  IS  platee.    (Stookholm,  im.) 

TTNDBB  the  abo^  modeat  title  ProflMBor  Mnaatrfla  haa  htm^fiA 
U  out  a  vefj  important  work  dealing  with  the  HelibiWda^  m  iifll» 
known  fionily  of  nlnoMio  Oonda.  At  lint  jntwadad  aa  •  aafiaar 
of  the  Sweditti  apeoiee  merdy,  tha  aoopa  of  the  woik  waa  aftaawawla 
enlarged,  ao  that  it  now  oompriaea  a  eritloal  Jaaailptfcm  of  aitt^ 
all  the  known  forma  of  thb  (hmily,  and  it  may  be  eonaidwai  aa 
a  monograph  of  the  group.  The  value  of  thia  work  to  the  palmonto- 
logist  dependa  not  ao  mabh  on  the  deioripttona  given  of  new  and 
rare  forms  as  on  the  very  thorough  and  oomplete  manner  in  which 
the  author  has  investigated  the  structure  of  known  speoiea,  by  meana 
of  microsoopio  seotions,  and  by  this  means  establishing  the  detailed 
features  by  whioh  one  species  may  be  distinguished  from  another 
The  cbaraoters  assigned  to  the  earlier  known  forma  of  thia  group 
were  very  frequently  limited  to  those  shown  on  the  snrfiBuw  merely, 
and  as  these  are  in  many  instanoes  very  similar  in  speoiea  having 
a  different  internal  structure,  much  confusion  haa  oonaeqnent^ 
resulted.  The  author  has  spared  no  pains  to  ascertain  tha  micro* 
acopio  structural  characters  of  the  types  of  the  known  apeoiea,  and 
these  are  represented  with  marvellous  fidelity  in  the  maffnifioent 
aeries  of  plates  accompanying  the  memoir,  and  thereby  mwm  of  the 
uncertainty  respecting  these  species  will  be  removed. 

The  earliest  horizon  on  which  the  HelioUtidm  make  their 
appearance  is  nearly  at  the  summit  of  the  Lower  Silurian 
(Ordovician),  none  having  been  found  below  the  Bala  heda  in 
England  or  the  Wesenburg  beds  of  Estland,  whilst  their  higlieat 
limit  is  the  lowest  beds  of  the  Upper  Devonian.  They  have  a  very 
¥dde  geographical  distribution^  as  they  are  fonnd  in  moat  oonntriaa 

1  ThuB,  the  clireotion  of  the  FlueU,  Disehmft,  and  Sertig  ii  eiisolly  tbt  luaa  •■ 
that  of  the  eafltem  tributaries  of  the  Inn,  such  as  the  Bemina  and  Ohamaeca.  Agaia, 
their  relationship  to  the  present  Lareterhach  and  the  Landmiart  maj  be  exaoUy 
paralleled  north  of  the  Bh&tikon  by  the  conditions  exiftiag  oetwwn  tut  Tslmnas 
and  VergaJdM,  tha  Oargellenthal  and  the  Hontafan. 
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where  there  are  oatorops  of  Silurian  and  Devonian  rooks.  They  are 
more  espeoially  abundant  in  Northern  regions  both  of  Europe  and 
Amerioa,  and  the  most  prolific  locality  is  the  Isle  of  Qotland,  from 
which  place  Lindstrom  enumerates  thirty  species  and  varieties,  out 
of  a  total  of  forty-six  described  in  this  memoir.  Only  eleven  species 
occur  in  British  rocks,  and  six  or  seven  forms  have  been  recognised 
in  Australia. 

Aooording  to  the  author,  there  is  very  great  difficulty  in  defining 
the  limits  of  species  in  the  Heliolitidaa,  since  even  in  the  corallites  of 
the  same  compound  stock  there  is  a  considerable  amount  of  variation 
in  their  dimensions,  their  distance  from  each  other,  and  the  amount 
of  the  ocenenohyma  between  them,  but  he  finds  that  the  shape  and 
size  of  the  septa,  the  nature  of  the  ocenenohyma  and  dissepiments, 
and,  subordinately,  the  mode  of  growth,  are  of  more  systematic 
value. 

Lindstrom  considers  that  the  coenenchyma  is  the  most  prominent 
general  feature  in  the  Heliolitidaa,  and  in  this  and  the  allied  family 
of  the  Cooooseridn  four  kinds  of  it  are  distinguished :  (1)  tubular, 
consisting  of  narrow  polygonal  tubes  divided  by  regular  horizontal 
tabuln,  as  in  MelioHUs  ;  (2)  vesicular,  of  thin  convex  lamellaa,  as 
in  Propora,  E.  &  H. ;  (8)  bacular,  of  solid  vertical  rods  or  haenH^ 
as  shown  in  the  Oocooseridn ;  and  (4)  compact,  composed  of  a 
dense,  somewhat  granular,  homogeneous  mass,  showing  longitudinal 
lines,  the  traces  of  filled-up  tubuli.  This  occurs  in  PyonolithuB^ 
^^en.  nov. 

Considerable  discussion  has  taken  plaoe  with  respect  to  the 
nature  of  the  coenenchyma  in  Meliolites  and  its  allied  genera,  and  the 
author  gives  an  account  of  its  early  stages  and  manner  of  develop- 
ment It  is  seen  growing  on  the  lower  edge  of  the  calicle  of  a 
primary  or  initial  comet-shaped  polypierite,  not  more  than  0*6  mm* 
in  length  and  width,  and  may  be  developed  either  from  one  side  of 
this  initial  form  or  all  around  a  calicle,  which,  by  rising  as  a  tube 
above  the  parent  coenenchyma,  introduces  the  intracalicinar  gemma- 
tion, and  thus  for  a  time  exists  as  a  portion  of  a  solitary  individual. 
Iiindstrom  supports  the  view  that  the  coenenchyma  of  the  Heliolitidae 
is  an  endothecal  structure,  although  no  exterior  theca  for  every  single 
polypierite  in  a  compound  coral  is  developed,  and,  strictly  con- 
sidered, that  it  forms  an  integral  part  of  every  calicle  in  the 
compound  ooral. 

Nicholson  and  Moseley,  on  the  other  hand,  regarded  the  oorallum 
in  HdtoUteB  as  tenanted  by  two  kinds  of  polypes :  one  kind,  fully 
developed,  inhabiting  the  septal  calicos  (autopores) ;  and  the  other, 
rudimentary  form,  occupying  the  surrounding  tabulated  tubes 
(siphonopores),  which,  therefore,  were  not  ooenenchymal  in  character. 
It  must  be  acknowledged  that  there  are  some  facts  tending  to  support 
the  view,  still  held  by  some  recent  writers,  that  the  siphonopores 
(ooenenchymal  tubes)  in  Heltolitea  were  oocupied  by  zooids.  llius, 
for  example,  Nicholson '  records  the  fact  that  in  Helioliie$  dubius, 
Fr.  Schmidt,  a  single  siphonopore  may  sometimes  be  observed  to  be 


T.  ocnmiac,  a  single  sipoonop 
1  Man.  Pal.,  vol.  i  (1889),  p.  337. 
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de^opod  TwtiQdly  and  diieoUy  iniD  n  aiitop^  Tlifa  olim  ■■Ihia 
htm  been  eonilrmed  by  Gwdeeon,  and  LindeMm  alio  etatoe  HM  &• 
narrow  tabidi  of  ibe  ocMMndb^roMi  in  fhia  ■peeiaa  bynaad-l^tt  agpiaJ 
or  widen  and  are  changed  into  real  oaliolea  (pb  71).  A.  aiadiBr 
metamorpboeia  of  a  ooMMmshymal  inbe  into  a  troa  odidle  bj 
a  gradual  inoreaae  in  width  and  the  deirdopmenl  of  aaplal  apba^ 
likewise  ocoora  in  AUob'lat  Uraalict,  Linda.,  ap.  nor. 

Wilh  rmrd  to  fhoaa  genera  in  iridoh  the  ooMMiiohynia  ia  wilhmiA 
tabnliy  ana  oonaiato  rf  ireiioidar  tiarae  with  adlid  qifnea  or  roda^or  of 
a  oompaot  aderendhy  ma,  the  qoeation  of  dimorphiam  oan  havdlj  aaiaa; 

In  favourably  preaerred  apedmenai  the  atmotara  of  fho  tbaoal 
walls  and  the  aqpta  in  the  BhliolitMsi  oan  be  aeen  to  oonriafc  of 
minnte  mioroeoopio  fibrea  radiating  upwarda  and  inwaida  fraoi 
a  median  daik  line  (whitish  by  refleotod  lig^ly  the  aanko  aa  ia  noat 
other  oorals.  The  septa  in  MdUUtm  are  tUn  lambuB^  aiiinsltiaaa 
with  spiny  maxgins ;  in  the  Flaamoporinn  ihey  are  redaoad'  to 
a  series  of  smnea  whioh  spring  fiom  nanow  loii^|itadinal  ridgsa 
within  the  oauole.  Their  degree  of  developnuiit  vaiioa  mneh  in  tta 
same  stock,  and  in  some  instanoea  tlMqf  appear  tobe  •^iwttfwr 
wanting,  lliere  are  twelve  aepta  in  the  normal  oalide^  aala  tUs 
number  is  Tsxy  oonaiant  throng^nt  the  gmp*  There  can  be  no 
doubt  of  the  tme  nature  of  the  septa  in  the  HeuoUtida^  and  ttqrara 
entirely  distinct  in  character  fkom  the  psendoeepto  in  JlaWfiera,  <with 
whioh  they  have  wrongly  been'CompamL  Tliiee  modea  of  InorBaaa 
have  been  observed :  by  ooenenchymal,  intraoalimnali  and  epitheoal 
or  coenotbecal  gemmation.  As  a  general  feature,  Idndsfci^  has 
notioed  that  some  of  the  earlier  species  are  characterised  by  bloeely 
placed  calicles  and  slight  development  of  ooBnenchyma,  which  mtj 
perhaps  indicate  a  descent  from  ancestors  without  CGenenohyma.  ik 
Lower  Silurian  (Ordovician)  strata  the  predominant  types  belong  to 
the  Plasmoporinad  and  the  allied  Coccoseridn  (these  latter  are  con* 
fined  mainly  to  the  lower  horizon) ;  whilst  the  HeliolitinsB  proper 
flourished  principally  in  the  Upper  Silurian. 

As  the  chief  distinguishing  features  of  the  Heliolitid»  and  the 
allied  Coocoseridas,  the  author  states  that  the  individual  polypierites 
are  composed  of  an  interior  area  enclosed  vrithin  an  inner  ttieoa, 
with  twelve  regular  septa,  and  of  an  exterior  area  without  any 
separating  wall  for  eadi  polypierite,  and  forming  a  differently 
shaped  coenenchyma. 

Lindstrom  subdivides  the  Heliolitida  into  three  tribes,  mainly 
according  to  the  nature  of  the  cosnenchyma :  ^1)  Heliolitinidn,  with 
lamellar  septa  and  coenenchyma  of  polygonal  tubes ;  (2)  Plaamo- 
porin»,  theca  thick,  ccenenchyma  vesiculsr ;  and  (8)  Pycnolithin«^ 
with  dense,  compact,  granular  coBnenchyma. 

The  subfamily  Coocoseridaa  is  characterized  by  short  thick  septa, 
the  central  area  of  the  calide  is  filled  ¥rith  columnar  bacilli  which 
project  as  papilln  on  its  fioor,  the  cosnenchyma  ia  baoular,  tubes 
when  present  are  narrow  with  a  few  tabulsa.  Li  this  sub*^roup  tte 
following  three  genera  are  included :  Coceoeerii,  Eiohwald,  Praiarmat 
E.  A  H,,  and  Aeaniholithu^  Linda.)  ^n.  nov. 
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In  the  tribe  HelioIitiii»  are  oomprised  three  genera :  HeUoUtes, 
Dana,  with  a  ooBnenchyma  of  tubes  of  one  kind  and  size ;  Cosmiolithua, 

Sin.  nov.,  in  which  two  different  kinds  are  present;  and  ProheliolUeB, 
i»r,  with  slightly  developed  oosnenohyma,  with  gemmation  from 
•ingle  tabes.    The  septal  spines  are  bent  downwards. 

The  predominant  genus,  not  only  of  the  tribe,  but  of  the  whole 
family,  is  Heliolite$,  Dana,  and  in  this  genus  eleven  species  and 
Tarieties  are  described,  six  of  these  being  new  forms.  The  very 
tborough  microsoopio  revision  to  which  the  various  species  of  the 
genns  have  been  subjected  by  the  author  has  involved,  as  might 
have  been  anticipated,  the  suppression  of  some  reputed  species  and 
the  transposition  of  others,  and  it  may  be  that  some  of  these  changes 
will  not  be  accepted  without  protest  As  an  instance  of  a  needful 
alteration  may  be  mentioned  Helioltie$  (Fi$tulipora)  decipiens,  McOoy, 
sp.^  hitherto  regarded,  even  by  Lindstrom,  as  a  species,  but  now 
proved  to  be  only  a  phase  or  growth  modification  of  H,  inter$tineiu$, 
Li,,  and  thus  merely  a  variety  of  this  latter.  In  the  same  specimen 
there  may  be  found  some  calides  with  fully  developed  septa  as  in 
H.  inUr$tinciu$,  others  without  a  trace  of  septa,  as  in  i7.  deeipiens, 
and  yet  other  OEdicles  with  the  septa  unequally  developed. 

Afl  incidental  to  the  presumed  affinity  between  the  Heliolitid» 
and  such  forms  as  HSontieulipora,  Callopora^  and  Fiatulipora,  now 
Tery  generally  regarded  as  Polyzoa,  the  author  enumerates  seven 
chief  differences  ia  the  structure  of  these  groups,  of  which  the  most 
important  appears  to  be  the  dissimilarity  of  the  intimate  microscopical 
stnictures  composing  their  walls. 

In  the  tribe  Plasmoporinse  are  included  Plasmopora,  M.  Edw.  and 
Haime,  Propora,  M.  E.  <&  H.,  CamptoUthua,  gen.  nov.,  distinguished 
by  having  the  same  kind  of  vesicular  tissue  in  the  calioles  as  in  the 
ocenenchyma;  and  DiploSpora,  Quenstedt,  in  which  there  are  two 
kinds  of  coenenchyma — an  inner  of  vesicular  character  and  an  outer 
of  closely  arranged  parallel  rods.  The  only  species  of  this  genus  is 
D.  Oraifi,  M.  E.  &  H.,  sp.  The  genus  Lyellia,  M.  E.  &  H.,  is  not 
retained,  on  the  ground  of  its  similarity  to  Propora, 

As  a  special  feature  of  Plasmopora,  it  is  pointed  out  that  the  septa 
extend  beyond  the  calicular  theca,  and  their  ends  are  united  together 
by  a  curved  lamina  so  as  to  form  a  stelliform  area  or  aureola, 
enclosing  longitudinal  compartments  around  the  calicle.  Thirteen 
species  are  placed  in  the  genus,  ten  of  which  are  new  forms.  In 
Propora  the  calides  are  exsert,  the  coenenchyma  entirely  vesicular, 
and  there  is  no  aureola.  Nine  species  and  varieties,  including  six 
new  forms,  are  described.  The  genus  Pinacopora,  Nichol.  &  Eth., 
is  considered  to  be  a  synonym  of  Propora. 

The  only  genns  of  the  Pycnolithinsd  tribe  is  PycnoUthus,  gen.  nov., 
in  which  the  common  type  of  calicle  is  accompanied  by  a  dense, 
oompact  coenenchyma,  without  any  structure,  but  with  a  surface 
ornamented  by  shallow  elongate  grooves  and  pits. 

We  are  unwilling  to  conclude  this  notice  without  again  repeating 
our  warm  appreciation  of  the  able  manner  in  which  the  subject  has 
been  treated  by  Professor  Lindstrom,  and  our  ad\n\t^\.\o\i  ol  ^<^ 
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resnlia  of  hit  long-oontinoed  dbrCi  in  fatwJIgiHtig  4ril  inhmto 
oharaoten  of  PahBoaoio  oonla.  The  pretanl  nenkrir  fa  a  wMflljr 
Addition  to  the  aomeiotlt  TalnaUe  oontribotfaMis  |o  pdMUloUtJ 
which  the  aathor  ham  made  during  his  long  Oueer.  Btwotttokgfalte 
of  all  oonntriea  will  oordiallj  eoho  the  anfliot'a  thaala  to  fha  Kyal 
Swedish  Aoedemy  of  Solenoee  tot  debaying  fhe  emnioa  of 
pnbliahing  staoh  en  important  woik,  waA  more  parttouaify.flm 
ISnglish-epeaking  onea  for  iti  amaaiaiioe  in  tlifa  langnega.  BikI  ifm 
have  often  felt  in  tnminff  over  ue  pageai  wluft  a  i^oefc  pttf  it  itai 
that  the  proofs  had  not  been  reviaed  hjf  some  one  whooe  uowle^gi 
of  the  mother  tongue  would  ha^e  eliminiled  fluMa  eabfla  ahtokaa 
inevitable  to  those  *'  not  to  the  manner  bom.**  G.  J.  tt. 

H— Tem  Onoi4>aT  ov  tbb  CkmaniT  asovm  Otwijara.  Bj 
T.  Y.  Houos,  F.O.a  8to;  pp.  It,  64.  (Loadon:  pdntsd 
for  H.H.  Btedonery  OflBo^  1889.    Prioe  Is.  Sd) 

A  GOOD  man  J  jeara  have  eli^aed  ainoe  Mr.  Hblmea  waa  ao^l^gBA 
on  the  Qeologioal  Snrvqr  of  the  oonntiy  atotttid  Oariiak^  asttt 
there  haa  been  a  regrettable  delaj  in  iaaning  the  pteitfit  Bettolr. 
Thia  haa  to  aome  extent  ariaea  (aa  the  Direotor^leoetal  poittla  Mt) 
from  the  diffioolty  in  interpreting  the  straotare  and  reknSoiia  of  the 
Permian  and  Triaaaio  rodka  of  the  diatriot    The  ootttttiy  fal  qttMlHi 
is  almost  whollj  covered  with  Drift,  and  it  waa  thaialbRi  hjr  >b 
means  easy  to  piece  together  the  evidence  obtained  firom  a  feur 
boreholes  and  from  the  oliffii  bordering  streams  and  riverSi  and 
to  produce  a  map  showing  the  solid  structure  of  the  g^und  vrithont 
the  mantle  of  boulder-olay  and  graveL    The  conclusions  at  which 
Mr.  Holmes  arrived  were  not  those  to  which  Mr.  Aveline  and  die 
late  Sir  Andrew  Bamsay  could  agree;    and  in  consequence  the 
*  solid '  edition  of  the  map,  when  published,  did    not  in  many 
important  respects  coincide  with  the  views  of  Mr.  Holmes.    In 
the  present  Memoir  he  very  clearly  states  the  evidence  obtained; 
and  it  is  interesting  to  read  (in  the  Director-Gtoneral's  preface)  that 
''In    the  Carlisle  region,  as  in  Devonshire,  no  definite  plane  of 
separation  can  be  satisfactorily  traced  between  the  Permian  and  the 
Triassio  formations."    These  red  rocks  include  the  St  Bees  Sand- 
stone Gypseous  Shales,  Eirklinton  Sandstone,  and  Stanwix  Shales. 
No  traces  of  Rh»tic  beds  have  been  discovered,  but  there  is  an 
interesting  outlier  of  Lower  Lias.    The  various  superficial  deposits 
are  described,  and  some  account  is  given  of  the  Solway  Moaa,  and  of 
its  bursting  in  1771. 

IIL— The  Geology  of  the  Bobbebs  of  the  Wash:  ikovodtb» 
Boston  amd  Hunstanton.  By  W.  Whitaker,  F.B.S.,  and 
A.  J.  Jukes-Bbowne,  F.G.S.  8vo;  pp.  vii,  146.  (Londoa: 
printed  for  H.M.  Stationery  Office,  1899.    Price  3b.) 

THIS  Memoir,  which  is  an  Explanation  of  Sheet  69  of  the  (oU 
series)  Geological  Survey  Map,  contains  an  aooonnt  of  A^ 
geology  of  portions  of  the  Fenland  in  Lincolnshire  and  l!Torfoft| 
and  of  the  more  intereaWng  regiou  oi  Lower  Qreenaand,  Gault»  W 
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Chalk,  and  White  Chalk  in  West  Norfolk.  So  far  as  Norfolk  is 
coDoemed  this  Memoir  oompletes  the  desoription  of  that  oounty 
by  the  G^logioal  Survey,  and  it  contains  a  Bibliography  supple- 
mentary to  that  published  in  "  The  Geology  of  the  Country  around 
Norwich  "  (1831).  In  the  work  before  us  we  have  the  benefit  of 
some  recent  observations  on  the  Lower  Greensand,  made  by 
Mr.  G.  W.  Lamplngh,  who  has  added  muoh  to  the  knowledge 
l<ained  by  his  colleagues  and  by  geologists  who  preceded  them, 
fie  divides  the  formations  into — 

Approximate  Correlatioiis. 

Carstone =  Folkestone,  Sandgate,  and  Hythe  Beds. 

Snettisham  Beds       =  Tealby  Limestone. 
Sandriogham  Sands  =  Tealby  Clay. 

It  is  interesting  to  note  that  Mr.  Lamplugh  believes  that  the 
fiandringham  Sands,  as  a  whole,  are  newer  than  the  Spilsby 
Sandstone. 

Much  of  the  information  with  regard  to  the  Gault  and  Red  Chalk, 
and  also  of  the  Lower  and  Middle  Chalk,  has  been  previously 
published  by  Messrs.  Jukes-Browne  and  William  Hill.  It  is, 
however,  useful  to  have  the  information  brought  together  in 
a  handy  form,  especially  in  connection  with  the  classic  regions 
of  Hnnstanton.  The  detailed  information  on  the  Glacial  Drifts 
and  superficial  deposits  contains  much  new  matter,  and  there  are 
appended  the  records  of  numerous  well-sections  in  Norfolk  and 
Lincolnshire. 


Gbolooioal  Sooiety  of  London. 

L— March  22.  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in  the 
Chair.     The  following  communications  were  read  : — 

1.  "Relations  of  the  Chalk  and  Drift  in  Moen  and  Rdgen.'* 
By  Professor  T.  Q.  Bonney,  D.Sc.,  LL.D.,  F.R.S.,  F.Q.S.,  and  the 
Bev.  Edwin  Hill,  M.A.,  F.G.S. 

These  two  islands  are  separated  in  a  north-westerly  to  south- 
easterly direction  by  about  35  miles  of  sea.  They  both  exhibit  at 
many  spots  the  Chalk  and  Drift,  in  relations  which  are  peculiar  and 
abnormal.  Some  geologists  maintain  that  the  glacial  beds  have  been 
inclnded  in  the  Chalk  by  a  series  of  acute  folds ;  others,  that  they 
have  been  dropped  down  by  a  series  of  faults ;  others,  again,  explain 
the  relationship  as  the  result  of  ice-action.  Simple  faulting  appears 
to  be  insufficient,  while  it  is  a  circumstance  not  easily  explained  by 
earth-movement  or  ice-action  that  the  axes  of  the  folds  in  the  Ckalk 
strike  roughly  east-north-east  to  west-south-west  in  Moen  and  north 
and  south  in  Riigen. 

The  authors  then  describe  a  series  of  sections  in  M5en  which  lead 
them  to  the  followiog  conclusions  : — 
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'  (a)  The  Ohalk  dominates  graefly  over  the  Olaj,  the  letter  bein^ 

'i  often  meielj  a  looal  pbenomenon. 

'  (&)  Tbe  Ohalk  is  stained  brown,  and  the  Olaj  strseked  with  ohalk 
for  a  few  inohes  firom  the  junction. 

''^  (o)  The  OlaY  is  often  a  mere  fiuring  to  the  Ghalki  or  odeapiee 
semi-cyUndrioal  or  wedge^hapM  oavitieSi  whiob  someBniet 
seem  to  terminate  above  sea-leveL 

-  (d)  The  day  seems  often  assooisted  with  anperfloial  raTitte% 
whibh  are  probably  never  modi  mdonnd  bdow  the  sea- 
level.  The  Ohalk  is  strongly  foidedt  bat  nurely.  if  ever 
fenlted,  and  there  is  no  evid^oe  to  oonpeot  the  interoalationa 
of  Drift  with  fanlts. 

Numerous  sections  in  B^gen  are  then  desoribed,  whioh  (dioiq^ 
ibere  are  difPerenoes  in  detui)  present  a  gvoeral  zeeemblanoe-  to 
those  in  HSen.  and  as  a  rale  have -no  resemUanoe  to  thoee  near 
Oiomer.  After  disooBsing  and  rqecting  the  hypoUieeee  (fknltiag  or 
folding  and  the  thrust  of  an  ioe-sheet)  whibh  at  prssent  appaientfy 
oooupy  the  field,  the  authors,  point  out  that  any  satisfeotoiy  theocj 
must  be  in  aooordanoe  with  me  following  fiMxts :— (1)  Tlie  tripartite 
and  generally  orderly  arrangement  of  the  Drift  (Bfimi  onty); 
(2)  the  firequent  unoonformity  of  the  Drift  with  the  Ohalk;  (S)  the 
ooourrenoe  of  valleys  or  idefts  in  the  Ohalk;  and  (4)  the  vanaaoni 
in.inolination  of  the  Drift-beds»  without  the  loss  of  their  genecal 
evenness  of  bedding.  If,  at  the  beginning  of  the  Olaoial  perMt  the 
Burfaoes  of  the  islands  had  assumed  nearly  their  preeent  outlines^ 
they  may  have  become  permanently  covered  with  snow  without  the 
formation  of  glaciers.  Drift  might  have  been  deposited  on  this 
frozen  surface — first  clay,  next  sand,  and  then  another  day.  When 
the  climate  ameliorated,  the  more  or  less  frozen  Drift  would  settle 
down,  as  the  snow  underneath  it  melted,  warping  and  twisting  over 
the  crags  and  projections  of  the  Chalk  surface,  moulding  itself  into 
the  depressions,  and  dropping  into  the  pipe-like  hollows,  as  the  snow 
and  ice  below  gave  way. 

The  authors  abstain  from  discussing  the  physical  conditions  under 
whioh  the  Drifts  accumulated. 

2.  *'  A  Critical  Junction  in  the  County  of  Tyrone."  By  Professor 
Grenville  A.  J.  Cole,  F.O.S. 

The  investigations  of  the  author  have  led  him  to  the  oondusion 
that  the  granite  of  Eastern  Tyrone  is  identical  with  that  of  Slieve 
Gallion.  In  the  Memoir  of  the  (Jeologioal  Survey  it  is  shown  that 
the  Lower  Carboniferous  beds  near  Moneymore  are  full  of  fragments 
of  the  former  granite,  while  it  is  considered  that  the  Devonian  grits 
at  Aghnaoreggan  are  '*  vitrified  and  turned  into  quartaite  "  at  the 
junction.  Tlie  'quartzite'  appears  to  be  fine-grained  yellowiah 
granite,  while  the  Devonian  rooks  exposed  by  excavation  at  the 
junction  are  mainly  made  up  of  large  and  small  fragments  derived 
from  the  granite.  The  granite  is  therefore  of  pre-Devonian  age,  and 
may  be  linked  with  those  of  Cavan  and  other  parts  of  Ireland  whioh 
are  connected  with  the  '  Caledonian '  epoch  of  mountain-building  r 
but  it  i$  possibly  even  pTe-Ot&ov\c\aiu 
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II.— April  12,   1899.— W.  Whiteker,  B.A.,  F.R.8.,  Preaident,  in 

the  Chair. 

Mr.  A.  M.  Davies,  in  exhibiting  a  specimen  of  glaaoonitio  lime- 
stone from  the  Eimeridge  Clay,  said  that  it  might  easily  be  taken 
for  Upper  Greensand.  It  came  from  a  road-cutting  near  Wombwell's 
Farm,  Chilton  (Backs),  aboat  40  feet  below  the  top  of  the  Hartwell 
Clay,  and  therefore  evidently  from  the  true  Eimeridgian.  The 
outcrop  of  the  stone  gives  rise  to  a  slight  but  distinct  feature, 
traceable  for  about  \  mile  along  the  hillside.  There  are  traces 
of  fossils  in  the  stone,  but  an  impression  of  a  hiplex  Ammonite 
was  alone  recognizable.  No  similar  bed  had  been  previously 
recorded  from  the  English  Eimeridgian. 

The  following  communications  were  read : — 

1.  **  Fossils  in  the  University  Museum,  Oxford :  I.  Silurian 
Echinoidea  and  Ophiuroidea."  By  Prof.  W.  J.  Sollas,  M.A.,  LL.D., 
D.Sc.,  F.B.S. 

Attention  is  called  to  the  correlation  of  structure  and  function  in 
the  locomotive  organs  of  Asterids,  Ophiurids,  and  Echinids.  In 
the  case  of  the  two  latter,  movement  depends  on  tension  directed 
along  the  tube-feet  In  starfishes  this  tension  is  met  by  the  dis- 
position of  the  ambulaoral  ossicles  in  the  form  of  an  arch:  in 
nrchins  by  a  continuous  tessellation  of  the  surface,  which  would 
only  be  weakened  by  arch-like  interruptions.  If,  however,  urchins 
liave  been  evolved  from  an  Asterid  stem,  they  may  have  originally 
possessed  aroh-like  ambulacral  grooves,  and  the  present  plates 
of  the  ambulacra  may  have  been  subsequently  acquired.  In 
Palceodi$cu8  ferox  of  the  Lower  Ludlow,  Leintwardine,  which 
by  the  structure  of  the  buccal  armature  is  definitely  shown  to 
have  been  an  Echinid,  the  ambulacra  possess  just  such  characters  as 
theory  anticipates  :  an  inner  arch  of  poriferous  ambulacral  plates, 
homologous  with  those  of  a  starfish,  is  closed  externally  by  a 
series  of  paired  plates,  which  represent  the  ambulacral  series  of  an 
urchin. 

The  undoubted  Asteroid  affinities  of  the  urchin  lead  to  an 
attempt  to  find  homologies  for  the  elements  of  '  Aristotle's  Lantern ' : 
the  pyramids  are  regarded  as  equivalent  to  the  first  pair  of  adambu- 
lacral  plates,  the  epiphyses  to  the  corresponding  pair  of  ambulacral 
plates  of  the  Echinoid  series,  and  the  teeth  are  compared  to  the 
Asteroid  odontophore,  which  has  acquired  a  persistent  root 

A  new  genus  assigned  to  the  Echinida  is  characterized  by  the 
excessively  numerous  minute  plates  which  form  the  interambulacra. 
Beference  is  made  to  Echinocystis  pomum,  Wy v.  Thomson  ;  and  to 
a  species  of  ProiocidartB,  Whidbome,  from  Lower  Ludlow  beds, 
which  seems  to  be  identical  with  the  type  species  found  in  Devonian 
rocks. 

The  results  are  given  of  a  re-examination  of  the  unique  specimen 
on  which  Dr.  H.  Woodward  founded  the  genus  Uudadia,  The  author 
agrees  ¥dth  Dr.  Woodward  in  regarding  the  exposed  surface  of  thla 
fossil  as  ventral;   it  bears  the  buccal  armatuxe  au^  m^'^t^'^T^^^ 
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a&d  gt^M  origin  to  ilia  armi.  On  sUobg  tiro  of  tiba  mnm^  wo 
plates  weia  azpoted  whioh  it  waa  poarfUa  to  eartrinly  idoitilV  widi 
Tartobiil  oMidba.  Soma  bcdtow  oant^  ftom  tha  Lowar  LnfSuHr  of 
Leintwardina,  which  ha^a  Mlharto  bean  g^giidad  at  too  piohW 
for  datarminaiiony  are  dkown  to  xaomant  an  oigudam  aloailj  lOM 
to  IMadia^  and  axa  pmviiionauy  ratlBnad  to  that  ganva  Tha 
aainber  of  arms  in  thu  naw  ipafliat  ia  Ian  fhaa  hi  fha  orfiteal 
(£  JokMom)t  and  fhey  aiamoia  nearly  equal  inriaa.  A  nawr  gpmiit 
aloeely  allied  to  EudaHa^  ia  fimndad  on  a  amall.  vall-piaawajl 
apeoimen  from  fha  Wenlodc  Limeetona  of  Ovoft  Jhm.  In  ttli 
the  pairs  of  arms  or  eaoh  paired  eariee  are  only  two  in  unmbaic^ 
while  in  the  new  spedea  of  JhebMUa  at  least  fMr,  and  in  A  JEsln-r 
•oat  as  many  as  seven,  are  preaent  Jhebdia  and  tha  naw  (hmb 
are  regarded  as  aberrant  Ophiarids»  and  are  pUoed  in  a  naw  order 
as  a  group  of  tha  same  Taloe  aa  the  SSovyala.  Thsy  ara  delnal 
as  Ophianda  possessing  paired  series  of  arms,  ooTorsd  astsrtiall|j  hv 
imbnoating  plates,  hot  deroid  of  ambnlaorsl  oasiolaa.  Tt^  bosasl 
armatnre  is  almormaL 

2.  "  Note  on  the  Ooonrrenoe  of  Sponn-spioolea  in  tta  Osibonit 
forpus  Limeetone  of  Derbyshire."  JBy  nor.  W.  J.  BoUa^  KJL, 
I1L.D.,  D.So.,  F.BJ3. 

Bemains  of  aponge-spioalea  are  fhiriy  abundant  in  a  loolMlioa 
tsken  from  a  specimen  obtained  by  Mr.  U.  BL  Amidd-Bamroaa  ftom 
Tissington  catting.  They  present  themselves  as  sections  through 
long  cylindrical  rods,  but  the  terminations  are  obeoora  and 
indefinite,  and  the  form  cannot  be  referred  with  certainty  to  any 
recognized  order  of  Sponges.  The  spicules  were  doubtless  originaUy 
siliceous,  but  they  are  now  completely  transformed  into  carbonate  of 
lime.  Rhombobedra  of  calcito  appear  to  have  completed  their 
growth  as  readily  within  the  spicule  as  outside  it,  and  tha  final 
result  of  the  corrosion  is  to  entirely  replace  the  opal  of  the  spioole 
by  a  congeries  of  minute  crystals  of  calcite.  As  the  crystals  may 
have  begun  their  growth  outside  the  spicule,  the  latter  rarely 
preserves  ito  characteristic  regular  outlines.  The  crystals  being 
frequently  bounded  by  impurities  of  the  limestone,  the  spioolea  are 
often  as  clearly  defined  as  corresponding  structures  in  the  Ohalk. 

3.  <'  On  Spinel  and  Forsterite  from  the  Glenelg  Limestona''  ^y 
0.  T.  Clough,  Esq.,  M.A.,  F.G.S.,  and  Dr.  W.  Pollard,  M.A.,  F.O.S. 
(Communioated  by  permission  of  the  Direotor-Gtoneral  of  ELM. 
Qeologipial  Survey.) 

The  paper  opens  with  an  account  of  previous  literatore  on  the 
subject  of  minerals  in  the  Glenelg  limestone.  Neither  forstorite 
nor  true  spinel  has  been  previously  recorded  from  the  limestone  or 
from  Scotland  at  all.  The  three  or  four  bands  of  limestone  which 
make  their  appearance  on  Sheets  128  and  127  of  the  6-inch 
survey  of  Ross-shire  are  probably  the  same  bed  repeated  by  isodlinal 
folds,  llie  banded  gneisses,  scmsto,  and  eclogites  among  whioh  the 
limeatonea  occur  are  separated  from  the  sheared  and  inverted  Torri- 
donian  rooks  on  the  west-notlVw^^  V>^  ^ai|^  granulitio  qnartsite 
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and  Bilioeotts  mylonite,  the  latter  being  next  to  the  Tonidonian 
TOoks  and  lying  along  the  line  of  a  great  post-Cambrian  thrugt, 
traceable  from  Oronaaj  to  near  the  Point  of  Sleat  On  the  eastern 
ude  of  the  mylonite  all  the  rocks  of  sedimentary  aspect  are 
greatly  altered,  and  the  gneisses  and  schists  associated  with  the 
limestone  resemble  parts  of  the  Lewisian  gneiss.  The  quartzite- 
•eries  is  repeatedly  folded  with  the  gneissose  series ;  but  although 
the  precise  relationship  of  the  two  has  not  been  made  out,  rooks 
of  different  characters  lie  next  to  the  quartzite  in  different  places, 
while  the  alteration-products  which  characterize  the  limestone  are 
fonnd  in  contact  with  the  quartzite  at  one  or  two  spots.  In  the 
limestone,  pieces  of  diopside  and  a  serpentine-like  mineral  are  so 
abundant  that  they  may  equal  the  rest  of  the  rock  in  quantity. 
The  mass  of  the  limestone  is  but  little  affected  by  movement,  thus 
offering  a  strong  contrast  to  the  Loch  Maree  limestone.  The 
forsterite  and  spinel  are  in  part  associated  together  in  lumps,  from 
which  they  were  separated  by  means  of  heavy  solutions  for  analysis. 
The  spinel  in  hand-specimens  is  of  an  almost  opaque  blue  colour, 
and  some  examples  show  small  crystal-faces.  That  seen  in  mioro- 
aoopic  slides  is  shapeless  and  colourless,  except  that  the  blue 
portions  appear  brown  by  transmitted  light  Analyses  of  the  two 
minerals  are  given  at  the  close^of  the  paper ;  and  it  is  pointed  out 
that  the  spinel  is  like  that  of  Aker  in  colour  and  mode  of  ooourrenoe. 


nL— April  26,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  ''On  Limestone-Knolls  in  the  Craven  District  of  Yorkshire 
and  elsewhere:"    By  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.,  F.G.S. 

The  author  begins  with  a  general  account  of  the  district,  partly 
founded  on  the  published  work  of  Mr.  R.  H.  Tiddeman,  but 
substantiated  by  his  own  observations.  The  Lower  Carboniferous 
rocks  north  of  the  Craven  Fault-system  differ  in  character  and  thick- 
ness from  those  on  the  south ;  they  exhibit  little  disturbance  on  the 
north,  but  on  the  south  they  are  thrown  into  a  series  of  folds,  while 
it  is  also  on  this  side  that  the  knobs  of  limestone  called  knoll-reefs 
by  Mr.  Tiddeman  occur.  In  order  to  illustrate  the  nature  of  the 
disturbances  south  of  the  Craven  Faults,  the  folds  of  Draughton 
Quarry  are  described  in  detail.  In  addition  to  the  anticlines  and 
syncline  usually  figured,  there  occurs,  on  the  north  side  of  the 
quarry,  an  overfolded  anticline  with  a  faulted  core.  One  of  the 
CEdcareous  bands  is  really  a  limestone•brecci6^  which  appears  to  have 
been  broken  by  earth-movement  before  the  rocks  were  folded.  The 
top  and  base  of  the  breccia  and  of  other  hard  bands,  together  with 
the  joint- faces,  are  traversed  by  slickensides  which  were  horizontal 
before  the  folding.  Microscopic  examination  of  the  limestones  shows 
that  they  exhibit  various  stages  in  crushing  with  development  of 
a  ribboned  structure  due  to  movement,  while  the  matrix  in  other 
varieties  has  become  crystalline,  as  though  under  relief  from  ^r^^vxiA* 


Hie  limettone  is  iqaeoBad  into  Am  iqfker  Jiila-bMrih,  tad  a  dib 
limMtone-iMiii  wbfoh  ooeon  in  one  of  the  prinotpel  dialA-bedo  ki 
freqaently  repealed  by  fiuiltin&  end  in  one  oeee  Is  he^ad  no  hf 
repetitioD  to  ibnn  n  miniahue  iknoll,  whioh  possessss  aas^j  of  m 
charaoten  of  the  laiger  knoUSi 

The  prominent  features  of  tbe  knolls  are  the  oiyslallina  ohsnslar 
of  the  ltmestone»  the  horiiontality  of  bedding  in  the  intsrior  of  tiba 
knolls  the  general  paxaUeliBni  of  the  bedding  of  tlie  exterior  to  Aa 
oontonr  of  the  knolls,  and  the  obeonrify  of  the  heddingi  IViSBil% 
when  presenti  are  nsoidly  Terr  peifeotty  preseried  and  uiiJIahntsd; 
breoofas  ate  frequently  foond  in  the  shales  boidsring  the  kaoDa  sad, 
mubh  less  oommonly,  in  the  limestone  of  a  knoll  itsalfl  -  Bvidsnoeof 
movement  in  the  Iniolls  is  seen  in  the  Isntioahr  ohamolsr  of  Aa 
beds  of  limestone,  in  visible  folded  strootnrss,  the  terminatinn  of 
lentioalar  beds  in  hooks  against  a  divisional  plaii%  and  in  tte  shsiss 
by  the  presence  of  a  ^traotore  nndistiwindiaUe  ftom  oleavMSb 
Dolomitiaed  and  silidfied  limestones  are  neqoenily  associated  mm 
the  kooUs,  and  the  perfeotion  of  the  qnarts-oqrstals  in  osrtMn 
examples  of  the  latter  variety  of  rook  suggests  eiystalliaatioii  dnriqg 
relief  of  pressure.  The  breooias  belong  to  time  main  tnes^— 
(1)  Fragmefats  of  limestone  in  a  matrix  of  similar  materU ;  ^ 
large  nebulas  of  black  limestone  enwrapped  in  shalea;  fS)  vaiioos 
limestone  fragments  in  a  fine  calcareous  pastCb  Evamplea  of  aaoh 
type  are  described,  and  each  is  explained  as  resulting  ftom  some  form 
of  eartb-movement.  Breccias  of  similar  types  are  found  to  be  pro- 
duced out  of  grit  fragments,  and  in  places  the  grits  are  found  to  be 
piled  together  by  faalting,  so  as  to  produce  knolls  which  somewhat 
resemble  those  in  the  limestone. 

A  comparison  of  the  deposits  in  both  sides  of  thefenlts  enables 
the  author  to  suggest  the  following  correlation  of  the  beds : — 

South  Sidb.  Norte  Sidb. 

Millstone  Grit.  Millstone  Qrit. 

Bowland  Shales.  Shales  ahore  Upper  Scar  Limertone. 

Pendleside  Limestone.  Upper  Soar  limestone. 

Shales  with  limestone.  Toredale  Shales  with  limestone. 

Clitheroe  Limestone.  Lower  Soar  Limestone. 

The  disparity  in  thickness  of  the  limestone  on  the  two  sides  will 
not  be  so  marked,  if  the  explanation  of  knolls  given  in  the  paper  be 
correct  Dealing  with  the  nature  of  the  movements,  the  writer 
argues  that  the  Middle  Craven  Fault  is  an  overthrust  from  the  north, 
and  that  the  Limestone  Series  has  undergone  differential  movements 
with  respect  to  the  hard  Lower  Palsaozoic  rocks  beneath  and  the 
massive  Millstone  Grit  above.  The  limestones  have  been  squeeied 
out  from  under  the  synolines,  and  they  have  accumulated  under  the 
anticlines  where  the  pressure  was  relieved.  In  conclusion,  a  number 
of  examples  of  knolls  are  cited  from  other  localities  which  dhow 
similar  features,  such  as  the  limestones  of  Eeisley,  Millom,  and 
near  Dalton-in-Fumess,  some  of  the  Devonian  limestones  near 
Torquay,  the  Leptona-limestoDC  of  Dalecarlia,  and  the  Devonian 
limeatone  ot  Eonepms  in  Bohemia. 
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2.  "  The  Limestone-Knolls  below  Thorpe  Fell,  between  Skipton 
and  Orassington  in  Craven."  By  J.  B.  Dakyns,  Esq.,  M.A.  (Com- 
xnnnioated  by  the  President.) 

A  band  of  limestone  rans  from  Craooe  towards  the  north-east, 
folded  in  an  anticline  and  dipping  under  shales.  In  several  plaoes 
the  top  of  the  limestone  is  brecciated  and  the  overlying  (Bowland) 
sbale  contains  fragments  of  limestone.  The  limestone  forms  five 
abrupt  conspicuous  hills.  The  rocks  in  most  of  these  hills  are  not 
bedded,  and  where  they  are  bedded  the  dip  is  confusing  ;  both  in 
exposures  outside  of  these  and  in  adits  inside,  the  limestone  in 
some  cases  is  amorphous  and  without  any  sign  of  bedding.  When 
Mr.  Tiddeman  propounded  his  view  that  the  limestone  was 
originally  formed  in  the  shape  of  knolls  or  mounds,  the  author 
accepted  his  opinion  for  these  particular  hills.  There  is  evidence 
that  the  surface  of  limestone  underneath  the  shales  is  uneven. 
On  Simon's  Seat,  a  Millstone-Grit  fell,  there  are  swallow-holes 
showing  that  limestone  is  not  far  below ;  while  below  Thorpe 
Fell  at  least  450  feet  of  shales  overlie  the  limestone.  The  author 
considers  the  absence  of  bedding  in  the  limestone  to  be  a  very 
important  feature ;  for  in  the  country  south  of  the  North  Craven 
Fault,  though  the  rock  is  excessively  contorted,  its  bedding  has  not 
been  destroyed. 

3.  "  On  three  Species  of  Lamellibranchs  from  the  Carboniferous 
Kocks  of  Great  Britain."  By  Wheelton  Hind,  M.D.,  B.S.,  F.R.C.S., 
F.G.S. 

The  first  part  of  this  paper  describes  a  new  species  of  Anthra' 
eomya  which  occurs  in  the  North  Staffordshire  and  Manchester  Coal- 
fields at  horizons  higher  than  that  characterized  by  A.  PhiUip$i, 
The  fossil  is  found  at  Etruria,  Bradwell,  Stoke-on-Trent,  and 
Fallowfield.  It  appears  to  indicate  a  special  zone  of  shales  and 
iSptror&t«-limestone  about  300  feet  below  the  Penkhull  Sandstone, 
and  to  be  the  only  molluscan  form  known  from  the  zone. 

A  new  species  of  Carbontcola  is  next  described,  partly  from 
specimens  previously  supposed  to  be  a  gasteropod,  a  brachiopod,  or 
even  a  crustacean,  and  partly  from  better-preserved  specimens 
obtained  from  calcareous  bands  about  10  yards  above  the  Bassey 
Mine  Ironstone  in  North  Staffordshire.  It  appears  to  be  the  latest 
species  of  this  genus  known,  and  to  occur  in  higher  beds  than  any 
other  species. 

Lastly,  a  new  species  of  Ctenodonta  from  Penton  Linns  (Dumfries- 
shire) is  described.  It  occurs  in  a  marine  shale  below  the  highest 
limestone  of  the  locality,  in  beds  referred  to  the  horizon  of  the 
Hurlet  Limestone  by  the  officers  of  the  Geological  Survey.  The  bed 
contains  gasteropods,  crinoids,  cephalopods,  etc.,  with  Froductue 
gigantetu.  The  species  has  some  resemblance  to  C.  Halli,  Barrois, 
found  in  Spain. 


oo»»3asi*03gp:g3srp3B.- 

THE  BITIR  OF  THE  BACHO. 
8n,— Kr.  HnAarioii.'i  pmr  "Ob  tlw  Boatem  Margin  of  tba' 
Korth  Atlmtlo  Buin  "  !■  m  rail  of  Importaat  raota,  and  ao  carerullj  - 
thought  oat,  tbitt  I  tm  slaUMt  ttnii  to  oritioiEa  even  a.  minor  detolt . 
Bat  in  t^Jootliift  with  «  not*  of  nnanii,  the  iuggeBtton  that  tlw'^ 
d»ap  ohwiiiot  wmdb  mu  rptrnd  tlw  ■ontharn  lobe  of  Norway  may  at 
Oiw  time  liATe  otrriod  off  the  dtlituas  of  tho  Ballb  area  (then  land),  j 
faeouBO  the  niiadlDgt  go  down  to  440  fUlwRia  in  the  Skagerab,  off, 
Arandal,  and  ue  not  mon  tlwa  160  bttionu  in  oae  part  nest  of  iha' 
Nwe,  hu  he  oot  OTerlookad  aoiiw  pOMHiUltiaB  ?  Obviously  ■'  tlie  river ! 
of  the  Bsltio  mut  hare  had  aome  diBoslty  in  draiuing  towaida 
Atlanda  under  theae  oiianmatanooB."  nit  hav^  " 
atanoai "  alwaja  eziated ;  in  otlur  woid%  an  wo  ^ 

(aa  he  haa  taoitly  done)  that  the  proaoot  alopa  < 

original  one  ?  Apart  ^om  that,  IT  the  ohannal  b  qot  •  | 
aa  old  rivor  eyatatn — an  aoident  tallajr — what  ia  Itt  U  it  ha  ■ 
hj  oroat  monmanta,  the  ihape  la  Biiu;nlar,  and  wa  tmj  hMy  aA, 
if  oalled  npon  to  pnt  awaj  onr  li^bft  for  aomathing  iMtter  ■■ 
a  snbatitnta.  Or  wodU  Hr.  Hndleaton  allow  It  to  be  a  nllay, 
bat  dndaing  wnthwaid?  If  ao,  what  became  of  it,  and  ia  Hun 
any  evidenoe  of  a  gensntl  draliuge  in  that  diraotfon  aa  dw  PUooiiM 
period  wai  nearing  ita  eud  ?  If  erar  tba  bad  of  tba  Baltia  b>Ba»> 
dry  land  its  drainage  would  have  to  go  aomewhere,  and  one  or  two 
North  Qerman  riven  also  would  have  to  be  aooommodatad.  I  an 
aware  that  the  seoond  aet  of  movenienta  in  the  Alpine  ohain  greatly 
modified  the  drainage  aystem  of  Europe,  but  I  doubt  whether  then 
have  been  any  revolutionary  changes  siooe  that  epoch.  Aaaoming 
then,  aa  I  siippoae  we  are  justified  in  doing,  this  ohannal  to  ba 
a  Pre-QIaoial  feature,  are  we  warranted  in  alio  aasuming  ita  bed  to 
have  retained  its  original  slope  and  contours  without  any  attention? 
The  present  fcrm.ia  peculiar  and  auggeative.  In  Bohus  Bay,  almoat 
west  of  Lake  Wettem,  is  a  limited  area  in  which  the  aouadinga  reaoh 
356  fathoms  {a  larger  one  being  below  the  260-fathon]  contour),  and 
ia  one  plaoe,  alighUy  north  of  the  latitude  of  Christ ianaand,  we  find 
430  fathoms,  llie  channel  round  the  southern  end  of  Norway  ftha 
deeper  part  being  on  that  side]  seema  to  vary  from  260  to  SOO 
fathoms.  Then  (north-west  of  the  Kaze)  it  rises  for  a  little  wbila 
to  from  150  to  175  fathoms,  and  afterwards,  till  about  oppoaita  to  the 
Sogne  Fjord,  it  barely  reaches  200  fathoms.  Bnt  then  it  atoepma 
steadily  till  oS  the  Bcmsdal  Fjord,  where  it  returns  to  400  fatlwiu. 
Doubtless  this  variation  in  depth  ia  remarkable,  but  we  matt 
remember  that  if  the  ohannel  be  Fre-Glaoial  much  d6bria  most 
have  been  '  dumped'  irregularly  on  its  floor,  even  though  it  proved 
a  barrier  to  the  westward  march  of  the  Scandinavian  ioe-sheat.  We 
must  also  remember  that  the  Fost-Glaoial  movement!  of  leooTOiy 
in  Norway  have  been  very  far  from  uniform.  There  ia,  hew- 
ever,  another  remarkable  fact  which  appears  to  have  eaoaped  my 
friend'a  notice.    Thia  baain  of  the  Sksgerak  liea  on  the  westward 
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>ToloDgation  of  a  belt  whiob,  begiDning  witb  tbe  Galf  of  Finland, 
rana  acroaa  Sweden  in  a  direction  slightly  south  of  west;  thus 
inoloding  the  fjord-pierced  coast  about  Stockholm  and  the  Lakes 
Malar,  Wet  tern,  and  Wenem— a  belt  which  is  sn^estive  of  special 
depression.  May  not  this  Skagerak  basin  be  only  a  drowned  lake? 
It  is  no  doubt  much  deeper  than  either  Wettem  or  Wenern,  for  the 
one  is  about  50  fathoms  at  most,  and  the  other  is  shallower,  about 
20  fiathoms;  but  making  some  allowance  for  debris,  not  a  deeper 
basin  than  the  Lake  of  GkncTa.  Mr.  Hudleston  seems  to  admit 
that  the  deeper  part  of  St  Qeorge's  Channel  may  be  a  drowned 
riTer-valley,  but  the  slope  of  this,  if  I  remember  rightly,  exhibits 
tome  anomalies,  which,  though  on  a  minor  scale,  seem  best  explained 
317  a  certain  amount  of  differential  movement  in  the  earth's  crust. 
Hiat  such  movements  have  occurred  comparatively  late  in  geological 
imes,  would,  I  suppose,  now  be  generally  admitted. 

T.  G.  Bonnet. 


PROFESSOR    SIR    FREDERICK    McCOY,    K.C.M.G.,    M.A., 

D.Sc.  (CANTAB),   F.R.S.,    F.G.S. 

BoKN  1823.  DiBD  Mat  16,  1899. 

It  is  with  deep  regret  we  have  to  record  the  loss  of  another 
locomplished  Naturalist,  Geologist,  and  PalaBontologist,  belonging 
really  to  the  first  half  of  the  present  century,  but  who  has  survived 
ilmost  to  its  close.  The  cable  announcement  appeared  in  the 
London  daily  newspapers  of  May  18,  of  the  decease  of  Sir  Frederick 
McCoy,  Professor  of  Natural  Science  in  the  University  of  Melbourne, 
Australia,  in  his  76th  year.  His  last  communication  to  the  Gso- 
LOOioAL  Maoazine  appeared  in  the  May  Number,  p.  193.  Professor 
McCoy  was  the  acknowledged  chief  of  tbe  scientific  world  of 
Australasia,  where  his  name  and  fame  will  be  perpetuated  by  tbe 
splendid  Museum  of  Natural  History  and  Geology  in  Melbourne,  of 
which  he  was  the  founder  and  lifelong  presiding  genius. 

Frederick  McCoy  was  the  son  of  Dr.  Simon  McCoy,  M.D.,  of 
Dublin,  and  was  bom  in  that  city  in  the  year  1823.  He  was 
educated  originally  for  the  medical  profession,  and  attended  lectures, 
bospital  practice,  etc.,  in  Dublin  and  also  in  Cambridge ;  but  while 
yet  too  young  to  be  admitted  to  the  profession  he  devoted  himself 
assiduously  to  the  study  of  all  branches  of  Natural  Science,  classifying 
the  collections  of  the  Geological  and  Royal  Societies  of  Dublin,  with 
the  object  of  applying  recent  Zoology  to  Palaeontology  as  the  basis 
of  stratigraphical  geology.  About  this  time  he  accepted  tbe  ofifer 
of  Sir  Richard  Griffith  to  make  tbe  paleontological  investigations 
required  for  the  Geological  Map  of  Ireland  for  the  Boundary 
Survey,  publishing  tbe  results  in  a  large  quarto  volume  in  1844,  with 
numerous  plates  including  figures  of  several  hundred  new  species  of 
fossilsy  entitled  **  Synopsis  of  tbe  Carboniferous  Limestone  Fossils  of 
Ireland,"  and  a  smaller  work  in  1846,  "  Synopsis  of  tbe  Silurian 
Fossils  of  Ireland."    He  was  then  invited  by  Co\oil^\  ^\t  ^«vix^ 


Snrvey  of  Irolind,  jtut  than  omn 
inapi  of  tlw  dittrioto  mrT«]r«cl  \tj 
b;  Sir  Robert  Pad't  GhmtnBtaot  i 
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Junoi,  RBS.;  ud  Bir  H«iuyd*  k  Beohe  to  join  tlia  Impeml 
need,  and  after  completing  tbs 
D  in  the  field,  he  was  appoinlad 
loeof  the  first  Professors  of  tilt 
Qoero's  Univarri^  in  Ireland,  dw  Oheir  of  Geology  and  Mineralogy 
in  the  Northern  Golleg*  bring  iMignod  to  bim,  where  he  lectured  in  tba 
Qaeen'i  Otdloge,  Balhalt  nin  exunined  itudenta  in  Dublin.  Ahaat 
this  time  be  undertook,  in  ooiunnation  with  Profeasor  Sedgwiolc.  lbs 
Iftige  work  on  Britieh  PeUaMoio  Bookt  and  Fossils,  based  on  tbe 
meteriele  in  the  Woodwardien  Knieiim  at  Gamhridge,  and  to  make 
the  oridoal  exMniudiai  of  dw  greet  eiriea  of  foasila  of  the  older 
fomutions  broogfat  together  hj  Sedgwick ;  the  i-eaults  of  these 
leboora  being  deemed  worthy  of  the  compliment  of  publication 
by  the  Sjn^ta  of  the  Vid-nmtf  Fiea  of  Cambridge,  in  a  large 
qaerto  ToJnme,  with  namenoe  pletee  of  new  fosails  from  ^ 
Ovbonifsroni,  Deronian,  Slniien,  end  Cambrian  formations,  which 
was  iesaed  in  1862,  as  ttie  eeoond  TolwBe  of  a  proposed  joint  work 
(but  the  Aret  volome,  whioh  wee  to  have  comprised  the  RockiJ 
by  Frofeaaor  Sedgwiok,  waa  never  pnbliihed),  entitlad  ~ "  "*~* 
I^noBoio  Booka  ud  Foirila,"  by  Froraaaora  Sewwiek  and 


by  Frofeaaor  Sedgwiok,  waa  nemr  pnbliihed),  entitlad  -  Brill* 
PalnoBoio  Booka  and  Foirila,"  by  Fronaaora  Settwiek  and  lb" 

Frofeaaor  IbOoy  waa  thm  appointed  by  Or  J.  Hambel  ■ 
Astronomer  Banl,  &x  G.  B.  Airy,  as  the  lint  FwliMeer  «f  I 


ilndb 


Soienoe  in  the  Uni'veriity  of  Uellxninie,  wfaM%  liaviBg 
the  formatian  of  the  Univeratty,  he  leotaredonCAwmlalnvllinMdagy, 
Botany,  Comparative  Anatomy,  Zoology,  Gleology,  and  Palaoatolagy, 
for  upwards  of  thirty  years.  He  also  eetaibliihed  the  Natiooal 
Museum  of  Natural  History  and  Geology  in  Uelbonma,  of  wfaioh 
he  was  Director  to  the  last,  raising  it  to  a  distingniahed  poritioa, 
not  only  by  the  extent  of  the  collections  but  also  hj  the  perfootian 
of  their  classification.  He  was  Chairman  of  the  first  Boyal  Com* 
mission  on  the  Gold-Fields  of  Viotoria ;  Member  from  the  fitat  ot 
the  Boyal  Commission  on  Teobnologioal  Instmotion ;  Member  of 
the  Royal  Commission  on  Education ;  Member  of  the  tstuhu  Boyal 
Commissions  for  International  and  Interoolonial  Exhibitions  fbr  tlia 
Colony  of  Victoria.  He  was  appointed  (SoTemment  Pateontologiat  at 
an  early  stage  of  the  Geological  Survey,  determining  the  agea  of  the 
various  tracts  published  on  the  Maps.*  For  over  thirty  yaait 
he  prepared,  and  continued  to  publish  in  decades  at  ■hoit  internll, 
two  works  for  the  Government  of  Yiotoria,  one  entitled  "  Frodromas 
of  the  Zoology  of  Viotoria,"  with  coloured  figures  from  the  life,  and 
another,  "  Prodromns  of  Palsontology  of  Victoria."  He  waa  a 
Justice  of  the  Peace  for  Viotoria.  He  was  elected  a  Fellow  of  the 
fioyal  Society  of  London  in  1680,  and  was  nreated  one  of  the  first 
Doctors  in  Bcienoe,  honorit  eavtd,  by  the  University  of  Canibiidgft 
The  Boyal  University  of  Ireland  also  oonferred  on  him  their 
highest  degree  in  Arts  and  Sciences.  He  waa  created  a  Kni^t  er 
Chevalier  of  the  Boyal  Order  of  the  Crown  of  Italy  by  King  Tioliir 
Emmanuel,   and   has  been   offered    similar  distinotiana    by    otiur 
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foreign  soTereigns  in  reoognition  of  his  soientifio  work.  In  1886  he 
reoeived  the  deooration  of  C.M.O.  from  Her  Majesty,  and  was 
created  a  Knight  Commander  of  the  Order  in  1891.  He  has  also 
reoeiTed  the  Emperor  of  Austria's  great  gold  medal  for  Arts  and 
Sciences,  the  Mnrohison  Medal  from  the  Qeologioal  Society  of 
liOndon,  and  other  similar  distinctions.  He  was  elected  one  of  the 
few  (only  thirty  suhjeots  of  the  Queen  being  eligible)  Honorary 
Members  of  the  Philosophical  Society.  He  was  an  Honorary  active 
Member  of  the  Imperial  Society  of  Naturalists  of  Moscow,  and 
Honorary  Fellow  and  Member  of  many  other  British  and  Foreign 
scientific  bodies.^ 

The  following  is  a  list  of  the  titles  of  Professor  Sir  Frederick 
McCoy's  separate  and  smaller  contributions  to  Natural  Science ;  his 
larger  works  have  already  been  mentioned  in  this  Memoir : — 

1.  *'  Remarki  on  Mr.  Eyton's  Arrangement  of  the  Gulls  " :  Mag.  Nat.  Hist., 
Tol.  ii  (1838),  pp.  487-490. 

2.  *'  On  a  new  QeaoB  of  Entomoetraca  (Entomoeonchu$  Scouleri)  " :  Dublin  Oeol. 
Sec.  Journ.,  toI.  ii  (1839),  pp.  91-94. 

3.  "  On  some  new  or  rare  Fish  {Trigla  Bloehii,  Cotfut  Oranlaiidieui,  Thynnu$ 
J^rlam^i)  occorring  on  the  Coast  ot  Ireland'*:  Ann.  Nat.  Ilist.,  toI.  ji  (1841), 
pp.  402-8. 

4.  "Contributions  to  the  Fauna  of  Ireland  {Vetpertilio  Nattererif  Tring^ 
mfiMUHMf  SUnim  Uueoptera,  Syritix  Forbenif  S.  Unuicinctui)  *' :  ibid.,  toI.  xv 
(1S45),  pp.  270-4. 

5.  **  Note  on  the  Irish  Species  of  Cephaloptera  (Pterocephala)  ** :  ibid.,  toI.  xix 
(1847),  TO.  17fr-8. 

6.  "On  the  Fossil  Botany  and  Zoology  of  the  Rocks  associated  with  the  Coal  of 
Austealia"  :   ibid.,  vol.  xx  (1847),  pp.  145-157,  226-236.  298-312. 

7.  **  On  the  Plants  of  the  New  South  Wales  and  Van  Dienien's  Land  Coalfields  ** : 
Brit.  Assoc.  Rep.,  1847,  pt.  ii,  pp.  64,  65. 

8.  "  On  some  new  Fossil  Fisli  of  the  Carboniferous  Feriod  ** :  Ann.  Nat.  Hist., 
Tol.  ii  (1848),  pp.  1-10,  115-133. 

9.  "Reply  to  Sir  Philip  Egerton's  Letter  on  the  Placodenni**  :  ibid.,  vol.  ii 
(1848),  pp.  277-280. 

10.  "On  some  new  Ichthyolites  from  the  Scotch  Old  Red  Sandstone'':  ibid., 
ToL  ii  (1848),  pp.  297-312. 

11.  "  On  some  new  Mesozoic  Radiata  *'  :  ibid.,  vol.  ii  (1848),  pp.  397-420. 

12.  "On  some  new  Genera  and  Species  of  PaloDozoic  Corals  anu  Foraminif  era  * ' : 
ibid.,  vol.  iii  (1849).  pp.  1-20,  119-136. 

13.  "  Reply  to  Sir  Philip  Egerton's  Letter  on  the  Tail  of  Liploptcrui  "  :  ibid., 
▼oL  iii  (1849),  pp.  139-140. 

14.  "Reply  to  Professor  Owen's  Jjetter  on  the  Ganoine  of  some  Fish  Teeth"  : 
ibid.,  vol.  iu  (1849),  pp.  140-1. 

16.  "  On  some  new  Palaeozoic  Echinodermata  (Codaster,  n.g.,  Feritchodomuiy 
a.g.)  "  :   ibid.,  vol.  iii  (1849),  pp.  244-254, 

16.  "  On  the  Classification  of  some  British  Fossil  Crustacea,  with  Notices  of  New 
Forms  in  the  University  Collection  at  Cambridge  "  :  ibid.,  vol.  iv  (1849),  pp.  161- 
179,  330-5,  392-414. 

17.  "  On  some  new  Genera  and  Species  of  Silurian  Radiata  in  the  Collection  of  the 
Univenity  of  Cambridge  "  :   ibid.,  vol.  vi  (1850),  pp.  270-290. 

18.  "  Deacriptions  of  three  new  Devonian  Zoophytes — Stromatopora  (Caunopora) 
veriieiUata,  AlveoliUi  vermicular  is,  Strephodet  gracilis^*:  ibid.,  vol.  vi  (1850), 
pp.  377-8. 

19.  "On  some  new  Silurian  Radiata  {Strephodn  pieudocei-atitrs.  St.  irochiformiSf 
ComUei  ttrigatutf  Palaophora  sttbtilis,  Retepora  HUingeri)  "  :    ibid.,  vol.  vi  (1850), 

pp.  474-7. 

20.  "  On  some    new  Silurian    MoUusca  (Poiertoceras  eUipticum,  Fhragmocera$ 

1  Chiefly  derived  from  "  Men  and  Women  of  the  Time,'*  I4t\i  Qdi\ioii,  \^^b. 
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ibid.,  toL  Tii  a8«l}»  pp.  46-eS.  .     . 

21.  "  J)mimtkm  of  ioik  mw  Mbqiirim  lAvmkom  Tmik  (ior.fnulMb- 
lm«,  ^riw/g/iiftw)  ** :  iUd..  voL  lii  (1M1)»  pp.  l«M7ft. 

22.  "  Ob  wim  afv  Pntomlo  AaMblR  {CTum^iita  M^  9.  AiiiMb  JftiMlii 
ifiMWy  TVmAyAnMi  tewi}  '* :  ibid^  j6L  n  QM1)»  jp.  M-«« 

23.  <<Oii   MnM  Mw    Gaaibto-Silnitti  tQnOi":  ML,   vri.    viH   (llil)k 
pp.  887-409. 

24.  ''On  MBe  mw  Dvvwiui  roaOi  (Slii^Miiriliiiiw,  a^  «*•.)**:  IIIU 
Tol.Tiii(18dl),  pp.  481-9. 

26.  "CoBkn^Mii  to  BiitiA  Ptolaoilolqgj:    8om  iiw 
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HoUiMca  " :  iUd..  tol.  z  (18dS),_pp.  189-198. 

26.  <<GoiitriliirtioBstoBriiUiIUMM^^    Oa  mm  MV  tedriMift 
CarboniforoQs  limoiioM  ** :  iUd.,  toI.  k  (i85S),  pp.  4I1-9. 

27.  "  On  tho  Mods  of  BMOOMfai  ol  Iho  Tbitt  fa  ftriHTiAi 

1862,  pt  ii«  p.  68. 

28.  '*  On  lomn  mw  CiibonifaroM  Tiimitww  FomOi"  ;  In.  Hat.  HIitt  vdL  dl 
<1863),  pp.  188-197. 

29.  «' <k  «ho  loppond  Kk<4«MiM  of  tto  ttfaiin  Mm**  t  (ML 
Tol.  ix  (1868),  pp.  12-16. 

SO.  **  On  wMM  MW  OretMOOw  Gnufaow** :  An.  Vrt.  HM«  nL  sir  (UUM), 
pp.  110-122. 

31.  «« A  0om««itMT0ft  *  A  ConmnkwlMw  ndo  by  Iht  li? .  W.  B.  OliAi  fa 
His  EzoellMioT  Sir  iLuaj  BttUr,  K.O.B.,  ifa.,  on  Pkotan  IMfafs  M» 
ToHiopUrit,*  oto.,  etc.'* :  Yictoifa  Boy.  Soo.  TnM»  toL  t  (IMQ,  pp.  88-itr. 

82.  ''NotoontfaeAnoiantuidBaoeniNatanaHlifaiyolYfafaifa'*:  In-liA 
Hist.,  Td.  iz  (1808),  pp.  187-160. 

88.  '< On  tho  Snikes  ol  Tiotorfa  [1801]" :  Tietom  Boj.  Boo.  Taam.,  ViL^ 
(1866),  pp.  7-8. 

34.  <*  On  tho  Boom  oft  now  giMnMoMaioapid,JHpv«<idbi  [18811  *^iU^ 

36.  «  Remorlu  on  o  Series  of  Fossils  colleotod  ot  WoUnmDilk  [1801]" :  mL, 
pp.  42-46. 

36.  "  On  the  OGCurrence  of  Zimoptit  3MM#rt,  CbrMo  jufsote,  ond  somo  olhsr 
Recent  Shells  in  the  Fossil  State  in  Miocene  Tertiary  Beds,  near  Melbonnio  ** :  An. 
Ma^.  Nat.  Hist.,  vol.  xn  (1866),  pp.  113,  114. 

37.  '*  Notes  on  the  Australian  Species  of  Arripi$** :  ibid.,  toL  xvi  (1886), 
pp.  187-8. 

38.  ^*Note  on  the  Cretaceous  Deposits  of  Australia*':  ibid.,  toL  zri  (1806), 
pp.  333-4. 

39.  <'  On  the  Canine  Teeth  of  ThylaeoUo  eamifex^  Ow.*' :  ibid.,  Tol.  m  (1806), 
p.  448. 

40.  «0n  a  new  Species  of  ffalmaturut  {E,  WHeaaH)  from  East  Awtndk'*: 
ibid.,  vol.  xviii  (1866),  pp.  322-3. 

41.  ''On  some  new  Species  of  FoBsil  Volutes  (T.  mMnpUrm^  V.  gmii^/iing, 
V.  antisealariif  V.  anticingulata)  from  the  Tertiary  Beds  near  ICdboona  " :  ibid., 
vol.  xviii  (1866),  pp.  376-381. 

42.  **  On  the  Australian  Tertiary  Species  of  Tr%§mU^* :  0ml.  Mao.,  ToL  III 
(1866),  pp.  481-2. 

43.  '<  On  the  Discovery  of  Cretaceous  Fossils  in  Australia*' :  Yiefatia  Boy.  Boo. 
Trans.,  vol.  vii  (1866),  pp.  49-61. 

44.  '*  On  the  Falseontology  of  Victoria  (Australia)  " :  Amor.  Jonm.  Soi.,  Yd. 


(1867),  pp.  279-282. 

45.  **  On  two  new  Species  of  Birds  {Parddlotw  XMnthopffpu^  Sphmimm  Mnajhrntt) 
found  in  Victoria  *' :  Ann.  Mag.  Nat.  Hist.,  vol.  xix  (1867),  pp.  184-6. 

46.  **0n  the  Occurrence  of  JcA^AyoMiiriM  and  PMsMMTNs  in  Anstndia**:  ibid., 
vol.  3dx  (1867),  pp.  356-6. 

47.  *'  On  the  Recent  Zoology  and  Palasontology  of  Vtotoria" :    ibid.,  ToL  JX 
(1867),  pp.  176-202. 

48.  <'  On  a  new  Genus  of  Phalanger:   GymnoMidnu** :  ibid.,  toL  xx  (18I7)» 
pp.  287-8. 

49.  **  Descriptions  of  two  new  Fossil  Cowries  {pyprmm  MwUmmiin^  C.  gift^ 
characteristic  of  Tertiary  Beds  near  Melbourne  "  :  ibicL,  toL  xx  (1887),  pp.  436-8> 
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50.  "  On  a  new  Spedes  of  Tictorian  Honey-eater :  FtihtU  iMdbHtttri^* :  iMd., 
Yol.  zx  (1867),  p.  442. 

51.  "On  the  Occorrence  of  the  Genus  Squmlodon  in  the  Tertiary  Strata  of 
Tictoria"  :   Gbol.  Mao.,  Vol.  IV  (1867),  p.  145. 

52.  "On  three  new  ^ctorian  Birds :  Herodioi  grezttta^  Sphmura  Broaihenii^ 
l^rdaUtuM  xanthopyge*^ :    Victoria  Rojr.  Sue.  Trans.,  toI.  yiii  (1867),  p.  41. 

53.  "  On  the  DiMK>Tery  of  Enaliosauria  and  other  Cretaceous  Fostdls  in  Australia  ** : 
ibid.,  pp.  41,  42. 

54.  "  On  the  Species  of  Wombats  ** :   ibid.,  pp.  266-270. 

65.  **  Note  on  the  Fhateolomyt  utotut^  Gray,  and  P.  «t^#r,  Gould  *' :  Ann.  Mag. 
Nat.  Hist.,  Tol.  i  (1868),  pp.  30,  31. 

56.  '*  On  a  new  Volute  :   V.  ThatclUri"  :   ibid.,  p.  54. 

57.  '*  The  Australian  Representatiye  of  Ognthia  eardui  '* :  ibid.,  p.  76. 

68.  "  On  the  Fossil  Eye  and  Teeth  of  the  lehfhyotaurut  Auttratis^  McCoy,  from 
the  Cretaceous  Formations  of  the  Source  of  Flinder*s  Rirer ;  and  on  the  Palate  of  the 
JHjfroiodon^  from  the  Tertiary  Limestone  of  limebumer's  Pointy  near  Geelong  " : 
Victoria  Roy.  Soc.  Trans.,  toI.  ix  (1868),  pp.  77,  78. 

59.  *'  On  the  Spire  of  Voluta  Thatcheri  ^* ;  Ann.  Mag.  Nat.  Hist.,  rol.  ir  (I860), 
p.  140. 

60.  *'  On  a  new  Volute :  Voluta  {Amoria)  eanalieulata  "  :  ibid.,  toI.  t  (1869),  p.  34. 

61.  "On  a  new  Australian  Species  of  Thj/niUt:  T.  micr^put** :  ibid.,  vol.  zi 
(1873),  pp.  338-9. 

62.  "Note  on  the  Appearance  in  Australia  of  the  Danaia  Arehippiu** :  ibid., 
Tol.  xi  (1873),  pp.  440-1. 

68.  "  On  a  new  Panucyllium  from  Hobson's  Bay  [P.  nuchalU]  *' :  ibid.,  toI.  ziii 
(1874),  p.  15. 

64.  ''  On  a  third  new  Tertiary  Species  of  Trxgonia  \T,  Howitt%\  " :  ibid.,  toL  zy 
(1875),  pp.  316-7. 

65.  "Note  on  an  apparently  new  Parrot  \CyeloptUta  leadbeaUri]  from  Cardwell, 
N.E.  Australia"  :  ibid.,  toI.  xri  (1876), p.  54. 

66.  "On  a  Tertiary  FUurotomaria  [P.  UrtiaHay* :  ibid.,  vol.  xn  (1875), 
pp.  101-2,  235. 

67.  *'  On  a  new  Victorian  Graptolite  [DidymograptM  Thur0au\\  ** :  ibid., 
Tol.  xviii  (1876),  pp.  128-30. 

68.  "  On  the  discovery  of  the  Trigonia  acutieotUta  (McCoy),  in  the  living  state  " : 
ibid.,  Tol.  xviii  (1876),  pp.  273-4. 

69.  "  Description  of  a  new  Volute  [  Voluta  Roadnighta'],  from  the  South  Coast  of 
Australia  '* :  ibid.,  vol.  viii  (1881),  pp.  88,  89. 


:M:isoEXiXi.A.3srEiOTJS. 

Cambridge  Honours.  —  On  Thursday,  27th  April  last,  the 
University  of  Cambridge  conferred  the  honorary  degree  of  Doctor  in 
Science  upon  Professor  T.  Wiltshire,  M.A.,  F.L.8.,  F.Q.S.,  F.R.A.S., 
80  many  years  Secretary  of  the  Bay  and  Palsdontographical  Societies 
and  for  some  years  Treasurer  of  the  Geological  Society  of  London, 
Emeritus  Professor  of  King's  College,  London.  The  following  was 
the  speech  delivered  by  the  Public  Orator  in  presenting  Professor 
Wiltshire  for  the  honorary  degree  of  Doctor  in  Science : — **  Unus 
ex  alumnis  nostris,  societatis  geologicae,  astronomicae,  Linnaeanae 
Bocius,  idcirco  praesertim  inter  peritos  laudatur,  quod  palaeonto- 
graphicae  societatis  in  usum,  palaeontologiae  studiosorum  ad 
fructum,  aevi  prions  monumenta  a  rerum  natura  in  saxis  im- 
pressa,  non  sine  summo  ingenio  et  labore  illustrata,  per  annos 
plarimos  litterarum  monumentis  mandaverit.  Idem  Universitatem 
Dostram  beneficio  singulari  ad  sese  deviuxit,  quod  non  modo 
bibliotheoam  suam,  sed  etiam  vitae  antiquae  reliquiae  veteres  in 
saxis  conservatas  et  saxorum  inter  se  diversoTMm  ex^m^\&  Q^%m 
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plorima,  hqJnv  noUi  in  perpetanm  dooavit  lib  imo  esompla 
omnia,  olim  inter  LondinieniM  in  OoIIagio  Bcnli  piofaeior,  dooeofi 
praeeeitim  in  oommodam  oollegemt^  oam  Hoimkio  (nt  Tidetar) 
wbitratos  'demiitft  per  anvem  qoam  qoea  mnt  ooolis  salgaola' 
animum  eegnios  ezdtare.  Etiam  ipia  fiuna  libeialitatia  tantae 
nuper  inter  noimet  ipaoe  inter  verom  natorae  praeeertiin  atodioaoe 
animum  gratam  eioitaTit,  Qnaato  magia  juvai  UniTenitatem  totam 
.liberalitatia  tantae  aootorem  ipram  hodie  ooolii  nda  redditam  et 
anspioiis  opUmia  pvMeentem  oontempIaiL  Qui  prioria  aeri  tot 
exempla  oobte  donayit.  ipee  noatro  in  aaeoolo  maniBeentias  in 
Unirersitatem  nostnun  ab  aliia  imitandnm  praeboit  ezemphun. 
Praeeento  yobia  geologiae  proleaaorem  emeritum,  Tirom  da  rerna 
naturae  atadiia  praaolare  meritom,  Thomam  l^tahira.** 

TasTiKONULa  to  Pbofbmob  T.  WxiffaHm,  H.A^  D.Sa»  F.L,&, 
F.a.S.,  F.B.A.&,  no.— The  Preaident  of  the  Filnontograpliioal 
Sooiety  annonnoea  that  a  Committee  haa  been  formed  oonaiatuig  of 
preaeot  and  paat  oiBoera.  memben  of  Ooondl,  aobaoiibera  to  the 
Palasontographioal  Sooiety^  and  oontribntora  to  ita  pnblioaliona.  for 
the  purpoae  of  raiaing  a  teatimonial  to  be  preaented  to  their  Talued 
Seorotary,  the  Bev.  Profeaaor  T.  Wiltahire^  M.A.,  F.0.&»  eta,  wfao^ 
from  1868  to  1899,  a  period  of  86  yean,  haa  ao  ably  and  efltoienay 
carried  on  the  affaire  of  the  Sooiety,  and  the  iaaae  of  ita  annnid 
volumea.  The  datiea  of  Seoratary  are  oontinnooay  and  aft  timea 
ardaoua ;  and  the  Ck>mmittee  are  of  opinion  that  it  would  be  well  not 
to  delay  longer  performing  so  agreeable  a  task  aa  to  offer  Profeaaor 
Wiltshire  some  slight  reoognition  of  the  valuable  servioea  which  he 
has  rendered  to  palceontologioal  science  for  ao  many  years.  They 
are  anxious  to  make  the  testimonial  as  comprehensive  as  poaaible, 
and  they  hope  to  obtain  the  support,  not  only  of  all  members  of  the 
Sooiety,  but  of  all  who  are  interested  in  palsaontology.  They  have 
therefore  ventured  to  suggest  a  one-guinea  subscription,  without, 
however,  debarring  anyone  who  may  desire  to  contribute  more  or 
less.  Sir  John  Lubbock,  Bart.,  has  kindly  consented  to  aot  as 
treasurer,  and  subscriptions  may  be  sent,  either  direct  by  oheqnea  to 
Messrs.  Robarts,  Lubbock,  &  Co.,  15,  Lombard  Street,  E.C.,  marked 
"  For  the  Wiltshire  Testimonial/'  or,  if  forwarded  to  Aubrey  Strahan, 
Esq.,  M.  A.,  F.O.S.,  the  honorary  secretary  to  the  Committee,  Greological 
Survey  of  England  and  Wales,  28,  Jermyn  Street,  London,  S.W., 
they  will  be  duly  acknowledged  by  him.  —  We  understand  that 
a  similar  wish  has  been  expressed  to  recognize  Professor  Wiltshire's 
services  in  connection  with  the  Bay  Society,  and  that  subscriptions 
are  being  received  by  John  Hopkinson,  Esq.,  F.G.S.,  The  Grange, 
St.  Albans,  and  by  Sir  John  Lubbock,  Bart  (the  President  of  the 
Bay  Society),  as  above.  More  than  a  hundred  members  of  these 
Societies  have  already  sent  in  their  names  and  subscriptions,  and 
many  others  will  doubtless  follow  as  soon  as  they  are  made  aware 
of  the  proposal.  It  has  been  suggested  that  the  testimonial,  in 
part  at  least,  should  take  the  form  of  a  presentation  portrait^  and 
arrangements  have  already  been  made  with  an  able  artist  for 
oarijiDg  this  object  into  effect  as  speedily  as  possible. 
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I. — NOTI   ON  THE  MOLAB  OF   A  TrILOPHODONT  MaSTODON  FROM  THB 

Base  of  the  Suffolk  Crag. 

By  E.  Rat  Laxxester,  M.A.,  LL.D.,  F.R.S., 
Director  of  the  Natural  History  Departments  of  the  British  Museum. 

(PLATE  XI.) 

TQE  tooth  figured  in  the  accompanying  plate  was  originally 
noticed  by  me  in  this  Majj^ine  thirty  years  ago,  and  was 
more  fully  described  by  me  a  year  later  in  the  Quarterly  Journal 
of  the  Oeological  Society,  1870,  p.  507. 

At  that  time  it  was  in  the  collection  of  Mr.  Baker,  of  Woodbridg^. 
It  has  since  passed  into  the  collection  of  the  York  Museum.  I  am 
greatly  indebted  to  the  authorities  of  that  institution  for  lending  it  to 
me  again  for  further  stud}',  and  for  allowing  me  to  remove  from  the 
Yalleys  between  the  transverse  ridges  of  the  tooth  the  remarkable 
matrix  which  formerly  filled  them  up.  (Compare  the  figure  in  the 
Quart  Jonrn.  Geol.  Soc,  1870,  with  that  now  published.) 

The  interest  attaching  to  this  tooth  is  twofold.  In  the  first  place 
it  WHS  determined  by  me  to  be  the  upper  penultimate  molar  of 
a  Trilophodont  Mastodon,  being  a  perfect  enamel  crown  from 
which  no  portion  had  been  detached.  It  thus  differs  from  the 
well-known  Tetralopl>odont  Mastodon  of  the  East  Anglian  area 
(M.  Arvemensiti),  The  completeness  of  the  tooth-crown  was 
recognized  by  all  the  palseontologists  who  saw  the  actual  specimen, 
including  the  late  Mr.  George  Busk,  F.R.S.,  whose  testimony  on  the 
subject  I  cited. 

The  second  point  of  interest  about  the  tooth  is  that  its  valleys 

were  filled  by  a  matrix  which  I  was  able   to  identify   with   the 

sandstone  nodules  called   *  box-stones,'   the  true  nature  of  which 

I  had  recently  determined  by  collecting  from  every  available  source 

the  shell-casts  and  other  organic  remains  which  they  contain.     It 

waa  shown  that  the  'box-stones'  which   occur  abundantly  at   the 

base  of  the  Suffolk  Crag  (and  not  in  the  Norfolk  area)  are  the  rolled 

gl    fragments  of  a  Diestien   deposit,   in   all   probability   an  extension 

H    of  the  Black  Crag  of  Antwerp.     The  Trilophodont  Mastodon  was 

IF    therefore  necessarily   a    tenant    of    the    land    surface    before    the 

deposition  of  this  Upper  Miocene  'Black  Crag.*     In  this  respect  it 
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lyas  Bhown  to  oontrast  with  Ma$ioi(m  ArwenmrnUt  tbe  taelh  of  whiA 
ooour  at  the  base  of  both  the  Sufiblk  and  Norftdk  Onga  in  «  paeoliar 
oondition  of  mineralisation,  differing  widely  Ikom  that  of  the  pnaeat 
Specimen  and  firom  that  of  aome  other  fragmenta  of  Maatodon  teeth 
not  referable  to  the  apeoiea  Jf.  ^nMnieaaia.  The  molan  of 
JIf.  Arvemenns  trom  the  iiaat  Anglian  area  an  ireiT  aeUom 
worn,  and  in  manj  oaaea  are  foond,  not  in  the  oondttioii  of  * 
crowns/  bat  with  the  aofler  material  whioh  forma  the  ium  of  the 
tooth  still  perfeot.  On  the  other  hand,  the  teeCh  of  JOteoesroe 
SeMeiermadieri,  of  Toptmf  jirtMiM,  of  Hippariom,  and  aome  other 
mammals,  which  oooor  in  the  same  depoaitk  are  in  the  aame  water- 
worn  condition  and  in  the  same  state  of  mineralfaMthm  aa  that  wfaieh 
characteriase  this  Trilophodont  Mastodon  and  aome  other  fkagasenta 
of  Mastodon  teeth  refemd  by  me  to  IL  topiroMfas.  Theooneloaien 
to  whioh  I  came  was,  that  we  have  at  the  base  of  the  Saftlk  Ong 
successive  sweepings  (as  it  were)  of  the  land  anrfiioe^  the  latsat 
(Pliocene)  being  represented  by  iL  Artfernenm  and  poaaihly  aome 
other  remains,  an  older  sweeping  by  the  Trilophodont  Maatodottt 
other  Mastodon  fragments,  and  the  BlineesrM,  Hmaritm,  and 
Tapirm,  whilst  a  stiU  older  contribntion  is  that  of  the  Booana  land 
fiiuna  indicated  by  Cor^koiam  and  SgraeaAmrimtL 

The  specific  identification  of  the  single  penultimate  TriloriiodeBt 
molar  was  a  diffionlt  task,  especially  as  the  TsUeya  wen  filled  bv 
matrix.  After  discussing  the  possible  identification  of  the  tooth 
with  if.  (Trilophodon)  Bononif  a  Pliocene  speciee,  I  came  to  the 
conclusion  that  the  probabilities  were  in  favour  of  its  being  nferaUs 
to  M,  (Trilophodon)  tapiroides  (=  turieeiMiSt  Pom.). 

Tlie  chief  reason  which  I  have  had  for  making  a  n-examination 
of  this  specimen  is,  that  my  main  conclusion  as  to  its  natun  has  been 
directly  traversed  in  two  separate  publications  by  Mr.  B.  Lydekker, 
F.H.S.  I  find  that  Mr.  Lydekker  had  never  examined  the  original 
specimen,  but  based  his  opinion  on  a  coloured  cast  which  I  had 
presented  to  the  British  Museum.  This  cast  did  not  show  the  under 
surface  of  the  specimen  at  all,  and  therefore  was  devoid  of  any 
evidence  which  could  justify  the  formation  of  an  opinion  aa  to  the 
completeness  or  incompleteness  of  the  enamel  crown. 

In  a  paper  on  Crag  Vertebrate,  Mr.  Lydekker  writes  as  follows 
(in  the  Quart.  Journ.  Oeol.  Soc,  vol.  xlii,  p.  365,  1886)  :— "The 
evidence  for  the  presence  of  JIf.  longirontrU,  Kaup,  is  afforded  by 
several  fragments  of  molars  in  the  British  Museum,^  and  by  the 
greater  part  of  a  second  or  third  upper  true  molar*  figured  by 
Lankester  in  vol.  xxvi,  pi.  xxxiv,  figs  1,  2,  of  the  Society's  Journal, 
and  regarded  by  him  as  the  complete  tooth  of  a  Trilophodont  species. 
The  examination  of  the  cast  of  the  latter  shows,  however,  without 
doubt,  that  it  has  lost  one  or  more  posterior  ridges,  and  that,  aB 
suggested  by  Lartet,^  it  really  belongs  to  J£  longiroBtriMf  the  font 

^  Th«0e  and  the  preceding  specimeis  were  nodoel  by  Lydekker  in  psat  iv  of  tbfl 
British  Musenm  Catilogue  of  Fossil  Mammalia. 
'  Cast  in  British  Museum. 
'  See  Lankeeter,  op.  cit.,  p.  508. 
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of  (he  anterior  talon  and  the  separation  of  the  inner  and  outer 
columns  being  decisive." 

In  the  fourth  volume  of  the  Catalogue  of  Fossil  Mammalia, 
published  by  the  Trustees  of  the  British  Museum  (1886),  p.  65, 
Mr.  Lydekker  records  the  oast  presented  by  me  as  No.  48,427  in  the 
collection,  and  declares  it  to  be  a  oast  of  the  first  three  ridges  of  the 
second  or  third  left  upper  true  molar  of  the  Tetralophodont  Mastodon 
longiroBtris  of  Kaup.  He  states  that  the  original  is  described  and 
figured  by  Lankester  as  the  complete  molar  of  aTrilophodont  species, 
and  proceeds — "  The  specimen  has,  however,  lost  a  ridge,  and  agrees 
precisely  with  tlie  corresponding  portion  of  the  molars  of  the  present 
species  (Af.  longirostris)"  In  a  note  Mr.  Lydekker  refers  to  Lartet*s 
opinion  of  the  '  specimen.'  But  as  a  matter  of  fact  Mr.  Lartet  had 
never  seen  tlie  specimen  any  more  than  had  Mr.  Lydekker.  Both  of 
them  based  tlieir  opinions  on  a  very  incomplete  cast  of  a  specimen, 
which  was  still  largely  obscured  by  matrix,  and  had  never  l>een  seen 
by  either  of  them. 

Tliere  never  was  any  doubt  in  my  own  mind  as  to  the 
completeness  of  the  enamel  crown  under  discussion,  and  I  am  glad 
to  be  able  to  state  that  on  examining  the  actual  specimen,  lent  to  me 
by  the  authorities  of  the  York  Museum  last  autumn,  Mr.  Lydekker 
at  once  admitted  that  the  enamel  crown  is  complete,  and  that  his 
contention  that  it  was  not  so  is  devoid  of  any  foundation. 

During  its  sojourn  in  the  British  Museum  (Natural  History)  our 
skilled  * preparateurs '  have  removed  from  the  'Baker*  molar  the 
mass  of  matrix  which  filled  up  the  two  valleys.  It  is  now,  therefore, 
a  more  hopeful  task  than  was  the  case  thirty  years  ago,  to  attempt 
to  arrive  at  a  conclusion  as  to  the  species  of  Trilophodont  Mastodon 
to  which  it  should  be  referred. 

The  clearing  out  of  the  matrix  from  the  valleys  in  our  specimen 
has  shown  that  the  transverse  ridges  and  valleys  have  by  no  means 
the  simple  and  clean-cut  character  which  is  found  in  those  of 
Mastodon  BorsonL  The  semi-detached  columns  on  the  sides  of  the 
first  and  second  ridges  and  the  sharp  median  incision  traversing  the 
whole  tooth  antero-posteriorly  place  this  tooth  in  that  middle 
group  of  Mastodons  (so  far  as  ridge  structure  is  concerned)  occupied 
by  Trilophodon  angustidens  and  Telralophodon  longirosirisy  a  group 
lying  between  the  simpler  Trilophodon  Americanus  and  Trilophodon 
Borsoni  and  the  complicated  Trilophodon  Humboldti  and  Tetra^ 
lophodon  Arvemensis. 

The  Trilophodon  angnstidens  of  Guvier  is  a  Middle  Miocene  form 
to  which  several  other  species  are  related,  perhaps  only  as  local 
specializations.  M,  Pyrenaiciis  of  Falconer  and  M.  tapiroides 
(turieensis)  are  not  remote  from  it.  Specimens  are  preserved  in  the 
various  museums  of  Europe  which  afford  an  almost  complete 
transitional  series  between  these  three  species.  The  most  striking 
difference  between  M.  angustidens  and  the  two  others  is,  that  it  has 
really  naiTOw  molars  whilst  the  others  have  broad  ones.  Our  Suffolk 
molar  is  remarkably  broad  in  proportion  to  its  length,  broader,  I 
should  say,  than  any  penultimate  upper  molar  I  have  seen. 
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It  has  not  so  well  developed  a  cingalum  as  have  typical  molars 
of  J/,  iapiroides  (turieenBts),  and  the  ridges  are  not  so  high  in 
proportion  to  the  other  dimensions  of  the  tooth.  In  place  of  the 
oblique  fold  of  enamel  traversing  the  faoe  of  each  ridge  which  is 
seen  in  typical  (but  not  in  all)  specimens  of  molars  referred  to 
M,  iapiroides,^  we  have  here  a  breaking  up  of  the  transverse  ridge 
itself  into  semi-detached  columns.  On  the  whole  it  comes  nearest 
amongut  described  molars  to  those  called  M,  Pgrenaieiu  by 
Falconer.  This  M,  Pyrenaieun  is  essentially  a  MatioAon  angmaUd/m 
wliich  is  not  angustident,  and  that  perhaps  is  the  best  desoription 
which  can  be  given  of  the  present  tooth.  I  should  be  inclmed, 
supposing  that  tlie  species  '  Af.  PyrenaicHi,  Falc./  is  to  be  considered 
as  a  synonym  of  M.  angustidens,  Cuv.,  to  recognize  each  broad 
molars  of  tlie  M,  anguatidens  type  as  belonging  to  Maitodon 
angustidens,  Cuv.,  var.  latidenB, 

In  any  case  we  have  to  go  to  the  Middle  Miooene  for  the  species' 
with  which  to  associate  this  Suffolk  Mastodon,  and  this  fact  is  well 
in  harmony  with  the  age  indicated  by  the  onoe  adhering  matrix, 
viz.,  one  anterior  to  that  of  the  Diestien  or  Blaok  Crag  of  Antwerp. 

EXPLAXATIOX  OF   PLATE  XI. 

Fin.  1,  view  nt'  the  upper  surface,  and  Fio.  2,  side  view  of  the  trilophodont 
upper  penultiin.'ito  molnr  of  MuHtothn  antjiistideuf,  yar.  latitieHM,  from  the  hsM  of 
the  Red  Cra;r  of  Suffolk,  pn»erred  in  the  Yorkshire  Philosophical  Society^  MuM*aiii, 
York.  Ori;:inuny  tiirured  with  iU  valleys  still  tilled  by  the  peculiar  Die!«tien  matrix, 
which  hns  sinc<;  l)een  removed.  (See  Quurt.  Journ.  Geol.  Soc,  1870,  vol.  \\\i, 
p.  oOT,  pi.  xxxiv,  lipj.  1  and  2.)     Dniwn  of  the  uatunJ  size. 

II. — The  Glaucoimiane  Gabbro  of  Pegli,  North  Italy. 

Hy  Joiix  Paukixsos,  F.Ci.S. 
(PLATE  XII.) 

IN  a  paper  published  sumo  years  bfick  on  the  Tuscan  and  Ligurian 
Serpentines^  Prufessor  Bonney  has  noticed  inciilentally  the  occur- 
rence of  ^laucophane  in  the  gabhro  associated  with  these  rocks  at 
Pegli,  a  village  to  the  west  of  Genoa;  and  later  added  a  rather 
fuller  descjription  towards  the  end  of  liis  paper'  on  **  The  Glauoophane 
Eclogito  of  the  Yal  d'Aoste."  Last  year  I  spent  a  few  days  at  Pegli 
for  the  purpose  of  examining  the  rocks  at  the  village  and  in  its 
neighbourhood,  when  I  found  the  gabbro  in  some  abomlance,  in 
consequenc^e,  as  I  think,  of  blasting  for  road-making.  The  specimens 
then  collected  have  disclosed  on  examination  a  few  points  of  interest 
which  may  not,  I  hope,  be  deemed  a  superfluous  addition  to  the 
accounts  already  published.  Those  have  been  rather  numerous. 
Dr.  G.  IT.  Williams  has  briefly  described  ^  a  glaucophane  containing 
rock  from  this  neighbourhood,  which  he  calls  an  amphibolite, 
and,  later,  Stefani*  has  called  in  question  the  propriety  of  the  term 

'   Kra^^meiits  oi  molars  sliowinjr  this  typical  fold  have  heen  recorded  by  me  from 
Suffolk;  (iiiail.  Jnurn.  Gool.  Sue.,  1870. 
2  (iBOL.  Ma(j.,  Dec.  II,  Vol.  VI  1 1879),  p.  363. 
^  Min.  Ma;:.,  vol.  vii  (l8So-7),  p.  o. 

*  Xeiiea  Jaiirh.  tiir  Min.  Grcl.,  1882,  IM.  ii,  p.  201. 

•  Bull.  (1.  Soc.  (ieol.  Ital.,  vol.  vi  (1887),  p.  233. 
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glaucophane  gabbro  for  a  rock  <<near  Pegli."  This  he  desoribes 
as  being  distinctly  stratified,  and  as  being  characterized  by 
possessing  glaucophane  in  place  of  typical  hornblende.  Besides 
glaucophane  the  rock  is  said  to  contain  piagioolase,  commonly  titanite 
or  pyrites,  and  rarely  quartz. 

It  is  also  worthy  of  remark  that  more  recently  a  description  has 
been  published  by  Chelussi  ^  of  two  glaucophane-bearing  rocks  from 
the  island  of  Giglio,  situated  to  the  west  of  the  Orbetello  peninsula 
and  not  far  south  of  the  island  of  Elba.  One  of  these  is  a  gabbro  in 
which  a  diallage  alteration  takes  place,  resulting  in  the  formation 
of  glaucophane,  the  dominant  characteristic  of  the  Pegli  rock.  The 
other  he  calls  a  diorite,  and  compares  with  the  rock  Professor  Bonney 
and  Professor  Stefani  have  already  noticed.  He  thinks  that  from  the 
smallness  of  the  constituents  the  rock  might  almost  be  called 
a  niicrodiorite,  but  that  it  approaches  an  amphibolite  in  its  rather 
schistose  structure  and  in  the  abundance  of  its  hornblende.  The 
glaucophane  is  present  either  as  flakes,  as  iregular  tabular  crystals,  or 
as  needles  and  fibres.  The  fact  that  these  rocks  present  many  points 
of  resemblance  to  the  one  near  Genoa  is,  I  think,  of  interest.  Both 
rocks  are  decomposed,  that  from  Pegli  the  more  so  especially  as 
regards  the  felspars,  but  the  likeness  is  sufficiently  striking. 

M.  Lacroix,  in  his  work  "Mineralogie  de  la  France  et  de  sea 
Colonies"  (vol.  i,  p.  706),  describes  many  instances  in  which 
secondary  glaucophane  results  from  the  change — often  a  very 
complete  one — eftected  in  various  gabbros.  Speaking  of  those  rocks 
from  Viilarodin,  near  Modane,  he  remarks  that  the  production  of 
glaucophane  has  been  brought  about  by  the  usual  methods  of 
uralitization,  and  that  it  may  also  be  found  in  the  midst  of  an 
aggregate  of  epidote,  albite,  and  calcite,  which  has  resulted  from  the 
saussuritization  of  the  felspars.  The  occurrence  of  diallage  as  the 
parent  of  glaucophane  is  apparently  by  no  means  uncommon,  and 
has  been  recorded  several  times  in  addition  to  the  instances  which 
have  been  already  mentioned.  Professor  Bonney,  speaking  of 
glaucophane  crystals  from  the  neighbourhood  of  Zermatt,'  remarks 
that  *'  their  structure  suggests  to  me  the  possibility  of  the  replace- 
ment of  a  diallage";  Mr.  Eutley,'  in  describing  some  glaucophane 
epidote  schists  from  M.  Yiso,  remarks  that  the  rock  contains  a  little 
diallage  "'  sometimes  enclosing  numerous  crystals  of  glaucophane  "  ; 
and  Professor  Koto,^  writing  on  glaucophane  from  Japan,  describes 
many  rocks  in  which  this  mineral  is  secundarily  developed  from — as 
he  believes — diallage ;  one  of  these  he  compares  with  the  Pegli  rock 
as  regards  the  character  of  its  groundmass.  This  author  thinks  the 
very  finely  fibrous  glaucophane  often  present  in  these  rocks  is 
crocidolite,  but  owing  to  the  nature  of  the  mineral  is  unable  to  apply 
a  decisive  test,     in  describing  the   rock   from   the   Val   Chisone^ 

^  Atti  K.  Ace.  Liucfi,8er.  v,  Rendic.  iv  (1895],  p.  466. 

2  Miu.  Mu^.,  vol.  vii,  p.  7. 

•*  Uuart.  Jouru.  Geol.  hoc,  vol.  xlv,  p.  60. 

*  Jouru.  Coll.  Sui.  Imp.  Univ.  T«">ky«j,  vol.  i  (1886  ,  pt.  1 ;  also  Summiry.    Neuea 
Jahrb.  iiir  Min.  CfeoL,  1889,  I3d.  i,  p.  36. 

*  Min.  Ma^.,  voJ.  n'i,  pp.  i9i-3. 
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ProfMBor  Bonney  oonaiden  the  probabiHtj  that  it  Iwd  onoa 
a  ddlerite,  perhaps  ophitiop  the  glanoophaae  raaaltiiis  from  the 
<*  moleoular  reanangemeiit  of  the  amatitoenta  of  an  aloflMUUMM  augile 
and  labradorite." 

DeMnftfoa.— The  rock  at  Pegli  it  expoaed  at  flie  weat«ni  end  of 
the  tillage,  on  the  beach  and  noder  the  hooaaa  bnilt  oot  aeawaida 
from  the  left  of  the  road.  Maoroaoopioally  it  ia  a  dark  iook»  vary 
tongh,  and  aanally  without  oonapiooona  fabpara»  though  oooaaionaHy 
their  remaina  g^ve  the  rook  the  common  blade  and  white  mottled 
look  of  an  odiinary  fairly  ooarae  gabbro.  The  ferromagiieaian 
constituent  is  much  dereloped  in  the  nuyoritr  of  oaaea,  and  in 
this  the  slaty-blue  tinge  of  the  glanoophane  ia  oonapioaona.  In 
sections  it  is  seen  to  be  a  diallage  felspar  rock  naoally  alterod 
throughout  by  aeoondary  ohangea,  and  ahowing  muoh  glaneophane. 
In  almost  all  oases  it  ia  olear  tluUb  the  diallage  haa  contribated  hnsdy 
to  the  formation  of  the  glaucophane,  and  the  term  glanoophane  gaUno 
ia  therefore  entirely  applicable.  The  more  naual  ohaage  raanlta  in 
a  well-marked  rim  to  the  altering  diallage»  aocompanied  by  more  or 
less  definite  flakes  and  scales  of  tne  same  mineral  in  the  body  of  tho 
parent  oryatal.  In  aome  caaea  the  flakes  are  gronped  irropafaurly 
without  semblance  of  orientation ;  usually^  howeTer,  the  relaticm  ta  a 
definite  one.  fiakes  and  films  of  glanoophane  are  aoattared  throoghont 
the  parent  oryatal,  irregularly  outlined  and  blotohily  ooioaTCd. 
but  replacing  the  diallage  in  the  same  ciystallogmphio  aenae.  In 
a  few  instances  the  diallage  is  changing  into  both  glaucophane  and 
a  brown  hornblende;  when  this  takes  place  the  two  replacing 
minerals  are  intimately  associated  together.  This  arrangement  of 
glaucophane  and  hornblende  replacing  diallage  very  closely  resembles 
that  described  and  figured  by  Lacroix  in  an  enphotide  from 
Yillarodin.^     The  absorption  along  c  appears  to  me  to  be  frequently 

greater  than  in  either  the  island  of  Syra  or  in  the  lie  de  Groix  rocks, 

for  an  examination  of  slides  from  which  localities  I  am  indebted  to 

the  kindness   of   Professor  Bonney.      This  is  the   variety    which 

Laoroix  terms  ''glaucophane  foncee,"  characterized  by  the  following 

pleochroism :  c,  dark  Prussian  blue ;  b,  violet  blue ;  a»  light  greenish ; 

yellow.     This  differs  by  its  pleochroism  fi'om   his  "glaucophane 

normale/'  which  has  c  lavender  blue,  b  purple  blue,  a  colourless  or 

yellowish.     In  the  Pegli  rook  the  two  are  closely  associated,  and 

replace  one  another  indifferently ;  the  "  glaucophane  foncee  "  may  be 

either  fibrous  or  platy  in  habit. 

The  glaucophane  rim   usually  found  bordering  the  diallage  is 

nearly  always  more  regular  on  its  internal  than  on  its  external  edge, 

as  though  the  formation  of  the  replacing  mineral  had  been  continued 

outwards  as  irregular  root- like  films  and  streaks  into  the  surrounding 

material,  often  extending  for  a  considerable  distance  with  a  lighter 

shade  of  blue.     In  some  instances  the  irregular  edge  is  practically 

identical  with  the  **  flame-like  forms  "  assumed  by  the  blue  amphibole 

edging  added  to  common  hornblende  which  have  been  described 

by  W.   Cross'  from  Colorado.      By  the  production  of  flakes  of 

^  Min.  de  la  Fr.  ot  de  ses  Colon.,  vol.  i,  p.  681,  fig.  14. 

'  Amer.  Joum.  Sci.,  T.S.,  toI.  zxxix  (1890),  p.  368,  fig.  2. 
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glaucopbane  in  the  body  of  the  dialla^e,  an  entire  replacement 
by  the  former  mineral  is  obtained ;  the  charaoteriatic  diallage 
striation  remaining  even  when  iioaroely  any  trace  of  the  original 
mineral  can  be  teen,  llie  formation  of  closely  massed  flakes  of 
glaacophane  in  oi^aoks  which  crushing  has  caused  in  the  diallage 
18  also  common.  Professor  Koto  has  described  many  similar  cases 
in  the  paper  previously  mentioned.  Tbe  diallage  passes  directly 
into  glaucophane.  The  dark,  rather  yellowish  brown  of  the  former 
mineral  is  lost  in  great  measure  with  some  abruptness,  and  the 
characters  of  the  glaucophane  assumed.  Frequently  it  is  crowded 
w^ith  granular  enclosures  which  are  most  probably  an  excretion  or 
residuum  from  the  manufacture  of  the  secondary  mineral.  They 
occur  abundantly  in  those  flakes  which  can  be  certainly  demonstrated 
to  have  arisen  from  the  diallage,  rather  than  in  those  films  and  scales 
whose  origin  from  the  pyroxenic  mineral  cannot  be  so  readily 
determined.  They  are  entirely  absent  from  the  diallage  in  its 
freshest  condition,  and  when  the  glaucophane  is  traversed  by  cracks 
now  filled  by  secondary  minerals,  the  granular  mineral  is  absent ; 
from  which  may  be  inferred  that  it  does  not  form  where  the  facilities 
for  the  removal  of  niaterial  are  easy.  The  habit  and  high  polariza- 
tion tints  strongly  recill  epidote,  and  it  is  most  probable  that  the 
major  part  of  the  lime  has  been  used  up  in  this  way.  The  rather 
high  iron  percentage  of  glaucophane  makes  it  probable  tlmt  most 
of  this  constituent  present  in  the  diallage  would  be  used  in  the 
formation  of  the  former  mineral,  and  the  presence  of  some  quantity 
of  zoisite  with  the  epidote  may  be  inferred  therefrom.  In  some 
sections  the  glaucophann  appears  as  a  closely  packed  mnss  of  flakes, 
straight  or  slightly  wavy  ;  which  are  arranged  in  groups  or  bundles 
with  a  slight  tendency  to  a  radial  disposition,  and  not  unmixed  with 
actinolite  or  a  kindred  mineral.  In  one  or  two  cases  this  glauco- 
phane becomes  minutely  fibrous,  and  is  then  probably  the  same  as 
the  mineral  Koto  has  termed  crucidolite,  and  which  he  believes  to 
result  from  an  alteration  of  the  glaucophane.  Here  and  there,  but 
not  commonly,  in  the  Pegli  gabbro  the  pleochroism  is  different  to 
that  of  either  normal  or  dark  glaucophane,  and  is  characterized  by 
a  blue-green  or  sea-green  tint.  The  variety  is  platy  or  fibrous,  the 
former  paler  in  colour.  The  occurrence  of  the  nearly  allied  species 
orocidolite  on  or  near  the  north-western  coast  of  Italy  has  been 
recorded  by  M.  Lacroix^  from  Cape  Argentario,  near  Orbetello, 
and  from  the  island  of  Gorgona,  to  the  west  and  a  little  to  the 
south  of  Leghorn.  That  from  the  first  locality  is  formed  from 
diallage.  M.  Lacroix  states  that  in  his  opinion  many  secondary  blue 
hornblendes,  described  as  glaucophane,  are  really  orocidolite.  Such 
an  instance  may,  he  thinks,  be  found  in  the  blue  amphibole  partly 
replacing  pyroxene,  which  has  been  described  as  glaucophane  from 
a  rock  occurring  in  South  Central  Spain.^ 

The  same  author'  has  noticed  a  variety  of  glaucophane  distinguished 

1  Bull,  de  la  Soc.  Min.  de  Fr.,  vol.  xiii  (1890),  p.  10. 
»  Comp.  Rend.,  vol.  cii  (1886),  p.  640. 
'  Min.  de  la  Fr.,  vol.  i,  p.  700. 
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firom  the  normal  mineral  by  iU  higher  extbwtioii  angles  aid  li 
the  same  time  bj  a  slight  di£Bnenoe  of  pleoohroiaBi,  ouualeli^g 
prindpally  in  a  groeniah  ahade  parallel  to  u  Thia  ha  eowwiUn 
intermediate  to  Home  extent  between  normal  gknoophana  and  hon* 
blendes  poor  in  alkalis.  ExtinoUon  aaglea  high  fi»  g)anoophan%  ip 
to  (say)  20°  or  even  higher,  are  fonnd  in  the  Pegli  rook.  In  moay 
instanoes  the  general  appearanoe  of  the  mineral  and  ita  oonnaolion 
with  definite  remnants  of  diallage  indieate  that  the  U^  ejttinctioB 
is  due  to  its  derivation  from  a  pyroxene»  but  the  pleoduoiam  aoane^ 
agrees  with  that  given  by  Laoiroix.  When  theupthof  adomtionis 
irregular  the  extinction  is  irregnlar  also,  and  not  wall  defined  in 
relation  to  the  pleoohroism. 

It  seems  perfectly  reaaonable  to  anppoae  that  a  looal  defioienoj  of 
soda  daring  the  process  of  glaaoophane  mannfaotuve  woold  lead  to 
the  formation  of  an  aotinolite  at  sndi  a  point,  and  that  the  withdrawal 
of  the  same  constituent  from  established  g^Iaooophane  wooUjmdnoa 
the  commoner  form  of  hornblende  by  an  inverse  proesaa.  llio  eon* 
siderable  proportion  of  alumina  which  glanoophane  nsoally  eontaina 
appears  a  difficulty  to  the  understanding  of  thia  change  toaotindUta; 
but  FouUon^  has  published  an  anal  vsis  of  a  very  fibrraa  aodapbearing 
hornblende — practically  identical  with  glanoophane -^  whiflh  ha 
terms  Bhodusite,  and  in  which  the  alumina  percentage  ia  about  half 
per  cent  Unfortunately  it  is  impossible  to  isdlaie  the  i^anoophsna 
from  the  Pegli  rock,  and  an  analysis  cannot  therefore  be  prepared. 
Judging  from  the  literature  of  the  subject,  however,  aotinolite 
appears  to  be  by  no  means  the  only  mineral  into  which  glaaoophane 
may  pass.  Dr.  Barrois,  describing '  the  glauoophane  rocks  of  the  lie 
de  Groix,  mentions  the  change  of  the  characteristic  constituent  into 
smaragdite ;  the  change  into  crocidolite  has  been  discussed  by 
Koto  as  mentioned  above;  Williams,  in  the  paper  already  cited, 
has  described  a  possible  change  to  arfredsonite  in  pebbles  from 
Gestnagnano,  and  Columba'  has  recently  proved  an  iteration  into 
chlorite. 

The  character  of  the  groundmass  has  been  already  briefly 
described  by  Professor  Bonney.  Its  most  remarkable  point  is  the 
absolute  reconstitution  of  the  original  felspar,  so  that  no  hard  and 
fast  line  can  be  drawn  between  the  altering  diallage  and  the 
material  in  which  it  is  set.  This  varies  greatly  from  place  to 
place.  Prolongations  of  the  glaucophane,  detached  scales  and  flakes 
of  the  same  mineral,  associated  with  abundant  similar  flakes  of  a 
rather  dark-green  and  inert  mineral,  in  many  cases  no  doubt  aotino- 
lite, though  occasionally  perhaps  chlorite,  lie  scattered  in  a  waters 
clear  substance,  which  resolves  itself,  under  crossed  nicola,  into  a 
fine  mosaic.  Most  of  this  is  no  doubt  a  secondary  felspar,  but  it  is 
only  in  very  rare  instances  that  the  characteristic  twinning  placeathis 
beyond  doubt.  By  diminution  in  the  amount  of  aotinolite  and 
glaucophane,  and  by  the  appearance  of  a  rather  dirty  and  granular 

»  Sitz.  Akad.  Wien,  vol.  100  (1891),  pp.  169-171. 

»  hoc.  G6ol.  dtt  Nord,  t.  xi  (1883-4),  p.  60. 

»  Atti  R.  Accttd.  Sd.  TonuQ,  ^o\.  mx  ^.ftW^,  p.  41S. 
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pidote,  with  perhaps  oooasionally  zoisite,  the  character  of  the  altered 
^^oundraass  changes.     White  inioa  is  oocasionally  met  with  in  some 
<^uantity,  at  times  constituting,  in  small  closely  felted  flakes,  nearly 
cill  the  ground  mass  of  the  rock ;  at  others  including  many  of  the 
^x)Iourless  grains.     Here  and  there  the  alteration  has  given  rise  to 
WL  brownish-hlack  mineral,  far  from  clear,  but  showing  occasionally 
^very   roughly  hexagonal  and   prismatic  outlines,  which  from  the 
extinction  is  probably  monoclinic.     No  definite  cleavage  can   be 
observed,  and  under  a  fairly  high  power  the  structure  appears  to  be 
£nely  granular.     This  may  be  a  somewhat  unusual  form  of  epidote. 
Characteristically  it  occurs  in  groups  of  close-packed  grains,  about 
*1  mm.  across,  often  pear-shaped  in  outline ;  but  in  many  cases  the 
dimensions  of  the  individuals  scarcely  become  apparent  till  the  nicols 
<are  crossed.     The  polarization  colours  are   low,  but  the   impure 
character  of  the  mineral  may  have  something  to  do  with  this.     An 
earlier  stage  in  the  life-history  of  this  mineral  is  found  in  the  in- 
definite clouds  and  patches  of  an  opaque  substance  lying  round  and 
indistinguishable  from  the  more  definite  grains.     As  a  rule  crossing 
the  nicols  discloses  the  presence  of  obscure  individuals,  but  here  and 
there  even  these  are  hard  to  discern ;  there  is  merely  an  even  dis- 
semination of  blackish  material  with  very  little  double  refraction. 
In  one  or  two  slides  long  prismatic  or  acicular  crystals  (average 
size  about  *12  mm.  by  '016  mm.)  are  arranged  in  twos  and  threes 
in   diverging  groups;    and   locally  are  rather  abundant.     Those 
I  think  may  possibly  be  actinolite.     Tlieir  opaque  appearance,  due 
apparently  to  the  amount  of  impurities  contained,  as  well  as  their 
small  size,  renders  an  exact  determination  impossible.      Tiiey  ai*e 
irregularly  terminated,  rather  fibrous  in  structure,  with  a  greenish 
tinge,  and  with  weak  double  refraction.     They  are  set  as  a  rule  in 
a  closely  felted  mass  of  white  mien,  so  that  here,  as  in  several  other 
places,  the  more  acid  or  felspathio  element  usually  produced  during 
the  decomposition  of  one  of  the  more  basic  felspars  seems  absent. 

One  or  two  accessory  constituents  remain  to  he  noticed.  In  a  few 
slides  apatite  occurs  in  some  quantity,  either  in  well-formed  idio- 
morphic  crystals — cross  sections  sometimes  measure '75  nun.  across — 
or  in  groups  of  irregular  grains.  Such  allotriomorphio  outlines  as 
these  grains  possess,  together  with  a  rather  dusty  appearance  which 
the  mineral  has,  were  unlike  the  usual  habit  of  apatite ;  and  I  am 
indebted  to  Mr.  J.  J.  H.  Teall,  F.R.S.,  who  very  kindly  examined 
the  slide  and  made  the  determination  for  me,  suggesting  at  the  same 
time  the  usual  molybdate  test  as  a  ready  means  of  settling  the  point 
definitely.  This  was  done,  and  since  the  usual  yellow  precipitate 
followed  there  can  be  no  doubt  that  the  mineral  is  really  apatite. 
Pyrites  is  present  in  some  quantity,  sometimes  showing  idiomorphic 
outlines,  and  there  is  in  addition  a  considerable  quantity  of  ilmenite 
altered  in  greater  or  less  degree  to  lencoxone.  Tlie  sp.  ^r.  of  the 
gabbro  as  determined  by  a  Walker's  balance  is  31 29.  This  is  the 
mean  of  determinations  made  on  several  specimens,  the  results 
agreeing  closely  with  one  another.  Tlie  sj).  gr.  of  the  more  fels^iatluG 
variety  is  2*977. 
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Finally,  I  wish  to  express  my  indebtedness  to  Professor  Bonney 
for  the  help  he  has  afforded  me  in  the  preparation  of  these  notes. 

DESCRirXIOX  OF  TLATE  XII. 

Fig.  1. — Gencnil  structure  of  glaucophane  gnbbro.  To  the  riffht  and  below  th< 
centre  tire  three  cry.stnls  of  diallage,  nhowinj;  the  dark  bor£r  of  glaucophane 
and,  internally,  dark  paU'ht^s  of  the  flame  mineral.  In  reality  nearly  all  thi 
mineral  is  converted  into  ^rlaueophane ;  the  orthopinocoidal  striation  of  th< 
diallag^e  \f^  seen  with  diffi(;ulty  in  the  il^re.  Above  these  crystals  is  much  o 
a  pale-^ettn  chloritic  mineral  with  flakes  of  glaucopliane,  and  in  places  will 
a  border  of  the  same.  In  it  can  he  seen  larger  black  patches  of  pyrites,  am 
others  of  a  water-clear  substance.  Near  the  centre  ana  left-hand  top  come 
are  gornl  examples  of  the  alterfd  groundmass.     x  about  8A-. 

Fio.  2. — The  glaucophane  fringe  surrounding  a  crystal  of  diallage,  itwlf  almo^ 
entirely  altered  to  the  same  mineral.  The  extension  of  the  fringe  into  th 
altere(f  groimdmass  of  the  rock  is  seen  to  the  left  of  the  figure,     x  about  75. 

III. — Observations  on  some  British  Cretaceous  MADREPORARii 
WITH  TUK  Description  of  two  New  Species. 

By  RoHEiiT  F.  Tomes,  F.G.S. 

(PLATE  XIII.) 

ON  the  24th  of  June,  1885,  a  paper  hy  me,  entitled  "Observation! 
on  some  imperfectly  known  Madreporaria  from  the  Cretaceou 
Formation  of  England,"  was  read  at  a  meeting  of  the  Geoiogica 
Society  wliich,  encountering  an  adverse  report  from  the  referee,  wa 
with  the  consent  of  the  Council,  withdrawn  by  me.  and  publisher 
verbatim  in  the  Geological  ^Magazine  of  the  same  ye^r  (Dec.  Ill 
Vol.  II,  pp.  o41-5r>l^,  PI.  XIV),  1885.  The  present  conimunieatioi 
is  a  continuation  as  well  as  a  correction  of  the  former  one,  whicl 
has  become  necessary  from  the  acquisition  of  additional  material 
Before,  however,  going  into  particulars  respecting  the  several  specie 
to  be  referred  to  here,  1  wish  to  ofl'er  a  few  remarks  on  certain  u 
the  genera. 

Bathycyathns  has  been  merged  by  the  late  Professor  Duncan  int 
CaryophylUa,  but  I  am  not  at  present  prepared  to  accept  tha 
alteration,  a  very  strict  revision  of  the  latter  genus  being,  accordinj 
to  my  view,  (|uite  necessary  before  such  forms  as  Bathycyathv. 
Sowerhyi  are  placed  in  it. 

Calosiniliay  as  we  learn  from  the  same  authority,  is  a  subgenus  onl^ 
of  TtochosmHia ;  '*  the  main  di.stiuction  between  the  two  types  onl 
relates  to  the  amount  of  endotheca." '  While,  however,  expressin, 
himself  as  above,  Professor  Dmican  did  not  fail  to  note  that  Ccelosmili 
includes  "a  number  of  species  with  a  well-defined  faciei."  It  i 
that  well-defined  facies,  with  certain  important  peculiarities  in  th 
development  of  the  septa  theniielves,  into  the  consideration  of  whic 
I  do  not  here  enter,  that  induces  me  to  retain,  at  any  rate  for  tb 
present,  the  genus  CcelosmUia  as  defined  by  MM.  Milne  Edward 
and  Ilaime. 

Although  no  species  of  Snitlotrochus  is  admitted  in  the  preseii 
paper,  it  is  desirable  that  a  few  remarks  should  be  made  respectin] 

*  Uevision  oi  t\\c  YumWu-s  iv\\v\  Vj^\iviivv,  1884,  p.  52. 
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the  genii8.  It  was  created  in  1851  by  MM.  Milne  Edwards  and 
Haime '  for  the  reception  of  a  Hingle  British  species  from  the  Green* 
sand  of  Blackdown,  Smi!oirnehu8  tuherosiiB,  which  tliey  had  already 
plaeed,  though  with  doubt,  in  the  genus  TrochovmiHa}  Afterwards, 
that  is  to  say  in  1857,*  they  brought  two  other  species  into  the  genus, 
one  of  them  from  the  Farringdon  Greensand,  SmUotrochuB  Austeni^ 
and  the  other,  S.  Hagenowit  from  the  White  Chalk  of  Maestricht. 

The  "Introduction"  of  Dr.  de  Fromentel,  which  appeared  in 
1858-Gl.  made  no  addition  to  or  alteration  of  either  genus  or  species ; 
but  in  1869  and  1870*  Professor  Duncan,  while  including  the  two 
British  species  above  mentioned,  added  five  others  to  the  genas, 
making  in  all  seven  British  species.  In  1885  the  present  writer* 
desorihed  and  figured  an  eighth  ;  but  both  it  and  all  those  added  by 
Professor  Dnnitan  have  now  been  foinul  to  appertain  to  other  genera. 
Moreover,  Snillotroelnu  tuheronna,  the  ver}'  species  on  which  the  genus 
waA  founded,  in  in  the  present  coinnfunication  shown  to  be  a  P!aco- 
amilin.  As  a  genus,  therefore,  Smilotrochns  now  rests  on  twa 
species,  S.  Austetii  and  S.  Zfatjenowi.  Of  the  former  so  little  is 
known  that  a  ro-examinntion  is  niuHt  desirable,  and  all  the  more  so 
as  HO  many  simple  Cretaceous  coraU  have  ])roved  on  close  examination 
to  appertain  to  genera  characterized  by  the  presence  of  a  columella 
or  pali,  or  of  both. 

Before  entering  into  the  details  of  the  several  species,  I  wish  to 
record  my  indebtedness  to  Dr.  Blackniore,  of  Salisbury,  by  whose 
kindness  I  have  recently  examined  a  collection  of  corals  from  the 
Chalk  of  that  neigld)ourhood,  some  of  which  will  shortly  be  mentioned. 
He  has  also  favoured  me  with  a  section  of  the  Salisbury  Chalk,  which 
enables  me  to  place  the  several  Hpecies  in  their  precise  position  in  the 
formation,  and  also  to  give  their  relative  frequency,  as  follows: — 


1.  7jim^  oi  BflemnitfUa  mucroiinta^  i 
tlic  higliest  bed«,  corresponding  f 
t^  the   bwls  of  Norfolk    and 


FtM't.     /  Onrhotvorhun  atrptntinus. 


Dorchester. 


2.  Zone  of  Actinocamax  qnadratay 
chiefly  (exposed  at  Eant  and 
West  Iliimham,  and  worked 
for  whit«nin«^. 


3.  Zone  ot  ^[ar9upUet 


i  •"! 


(.'criomniiia  inxa. 
,  run 


170 


230 


4.  Zone  of  Jficrtufcr  cor'anguininn        250 


asmilia  rcntiuilin, 

MantcUi. 

Axoynittrr  rrrfaivu. 
(  l^vammilin  rnUralin. 

Jfftnfelli. 

C/rarruHis. 

CtilofimUirt  iaxa. 

rfynlar'm. 

Dihifmus  Cirrtreux'is. 

Stephanophyllia  unmitmafit. 
\  Axoyanter  rrefarea. 
I  ('aryophijUia  njlindracfa. 
'  Paramiilui  centra ii8. 
I  Axoga^ter  ctrtacea. 
I  Caryophyllia  ryiindracea, 
V  Patasmi/ia  crntraiiH. 
(  firrpcntina. 


>  Pol.  Foss.  Terr.  Taleoz.,  1851,  p.  29. 
«  Brit.  Foa.  Cor.,  1851,  p.  68,  pi.  .\,  Hg.  2. 
=•  Hist.  Nat.  Cor.,  t.  ii  (1857),  p.  71. 

*  Supp.  Brit.  ¥w.  Cor.,  pt.  ii,  No.  1,  p.  19  ,  and  pt.  ii,  No.  2,  p.  36  (^lB<i9-"^^. 

*  Gbol.  Mao.,  December,  1885. 
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Omrptpk^ftKm  eifiUtdrapm  IS 

The  tmall  Hadreporaria  of  the  Ganit  are  to  beautiAiIly  pteaerfeil, 
externalljy  aiid,  from  the  oavity  of  the  oalioe  being  aliiioat  almp 
obscured,  are  so  diffionlt  to  examine  intemallyt  that  a  fair  wdiAi  on 
the  best  method  of  mTesUgating  their  inner  parte  will  not  be  ont  of 
place.    To  begin  with,  all  idea  of  washing  ont  the  oalioe  may  be 
at  once  dismissed  as  altogether  impraotioi£ku     Then  ihM«  is  .tta 
.breaking  up  of  the  oorallam  in  the  hope  that  a  fortonate  fitioitte 
may  reveal  what  lies  in  the  bottom  of  the  oalioe,  whieh  aomotiliMS 
proves  sQOcessfal.    But  it  is  very  nnoerta^  work,  and  tbe  foilowing 
method  of  examination  may  with  advantage  be  ad<q[>tad  in  ita  stead. 

Take  a  spoonful  of  fine  plaster  of  Pwris  and  well  mix  with  it 
a  sufficient  quantity  of  lamp-blaok  to  make  it  of  a  pale  slate  colour; 
add  water  until  it  is  of  the  oonsistenqr  of  thick  orearo.  With  fliis 
fill  a  small  box — an  ordinary  pill-box  will  do  veiy  well  and  plaoe 
the  coral,  which  must  have  been  carefully  removed  from  ita  matrix 
of  Gault,  vertically  in  it,  with  the  calico  only  expoaed.  It  ahoald 
then  be  allowed  not  only  to  set,  but  to  become  thoroughly  dry » when 
some  thin  gum-water  must  be  dropped  into  the  calioob  and  agdm  be 
allowed  time  to  dry.  llie  whole  can  then  be  rubbed  down  until  the 
bottom  of  the  oalioe  is  exposed.  I  have  found  fine  sand-paper,  kept 
flat  by  attachment  to  a  strip  of  wood,  a  good  thing  to  rub  down  widi, 
but  great  care  must  be  taken  to  keep  all  the  dust  raised  by  the 
operation  blown  away  as  fast  as  made.  A  common  blowpipe  will 
do  that  quite  suooesHfulIy.  If  there  is  no  destructive  pyrites  or  hard 
phosphate  present  in  the  calioe,  the  coral  will  then  be  seen  in  section, 
and  present  the  appearance  of  a  well-defined  white  figure  on  a  dark 
ground,  and  the  presence  or  absence  of  a  columella  or  pali  can  be 
at  once  determined.  It  is  the  nearly  white  colour  of  the  substance 
of  the  coral  itself  which  renders  desirable  the  mixture  of  lamp-black 
with  the  plaster,  which,  with  a  little  care,  will  when  dry  have  veiy 
nearly  the  same  colour  as  the  Gault  matrix. 

Bathygyathus  Sowkrbyi,  Edw.  &  Haime:  Brit.  Fos.  Cor.,  18d0, 

p.  G7,  pi.  ii,  fig.  2. 

SmilotrochuB  elongatiiSj  Dune,  (in  part) :  Supp.  Brit  Fos.  Cor.,  1869, 

pt.  ii,  No.  1,  p.  19,  pi.  vi,  figs.  1-6. 
TrochocijaihuB  comdan,  Jukes-Browne  (not  Phillips) :  Quart.  Joum. 

Geol.  Soc,  1875,  vol.  xxxi,  p.  303,  pi.  xiv,  figs.  14-16. 
After  a  niost  painstaking  examination  I  am  fully  satisfied  that  all 
the  speciineuH  of  the  so-called  Smilotrochua  elongatus  from  the 
Ooprolite  Bed  of  the  Cambriilge  Qreensand  must  be  referred  to 
Bathycyathus  Soioerbyi,  mu\  not,  as  was  supposed  by  Mr.  Jukes- 
Browne,  to  Trochocyathus  counlus,  and  my  reasons  for  arriving  at 
that  conclusion  are  as  follows: — The  broad  and  spreading  foot 
which  is  so  well   shown  iu  Mv.  Jukes- Browne's  figure  (fig.  14) 


22.  F.  Tomea — British  Cretaceous  Madreporaria.         301 

is  precisely  that  of  Bathyeya^hus,  and  is  not  charaoteristio  of 
Troehoqfathus  contUus,  The  ooraparatively  feeble  development  of 
the  columella  is  also  evidence  in  the  same  direction ;  hut  what  is 
most  conclusive  is  the  fact  that  unquestionable  specimens  of  Bathy- 
eyathvs  from  the  Folkestone  Gault,  when  much  worn  and  the  wall 
and  spreading  foot  partially  or  wholly  absent,  are  undistinguishable 
from  the  Cambridge  specimens,  which,  it  should  be  remembered, 
are  very  rarely  anything  more  than  casts  of  the  interior.  It  was 
Mr.  Jukes-Browne,  however,  who  pointed  out  that  the  Cambridge 
coral  could  no  longer  be  retained  in  the  genus  Smilotroehns,  and  he 
subsequently  showed  that  the  so-called  Smilotroehns  angulatus  must 
also  be  removed  from  tliat  genus.  Of  the  latter  so-called  species 
I  can  only  say  that  I  can  follow  Mr.  Jukes- Browne  in  that  con- 
clusion, having  observed  in  some  of  the  Cambridge  specimens  the 
evidence  of  a  small  columella  near  the  lower  end  of  the  coral. 

Cycloovatuus  Fittoni,  Edw.  6s  Haime. 

Iticrabacia  FiUoni,  Dune. :  Supp.  Brit.  Fos.  Cor.,  1870,  pt.  ii,  No.  2, 
p.  37,  pi.  xiv,  figs.  6-9. 

The  specimen  which  I  mentioned  in  my  former  paper  as  having 
been  received  from  Dr.  S.  P.  Woodward  still  retains  its  label  in 
his  handwriting  :  '*  Cyeheyathus  Fittoni :  Gault,  Folkestone."  It 
oame  to  me  in  18G2.  and  lias  never  been  out  of  my  hands,  and 
every  endeavour  to  obtain  another  specimen  has  proved  futile. 

The  description  and  fisfure  of  Micrahacia  Fittoni  by  Professor 
Duncan  appeared  in  1870,*  but  it  is  worthy  of  remark  that  in  1884, 
a  year  before  the  date  of  my  paper,'  he  expressed  some  doubt  as  to 
the  generic  relationship  of  the  type-specimen.  There  can  be  no 
donbt  from  the  very  close  reseniblance  between  my  specimen  and 
the  figure  of  Micrahacia  Fittoni  as  to  the  specific  identity  of  the 
two  specimens;  and  that  there  is  a  columella  and  pali  in  the  one  is 
beyond  all  doubt,  while  in  the  other  the  whole  of  the  centre  was  so 
much  obscured  by  extraneous  matter  that  it  is  impossible  to  say 
what  there  may  have  been.  The  occurrence  of  only  two  specimens 
in  the  Folkestone  Gault  indicates  the  rarity  of  this  form,  whether 
we  regard  it  as  a  variety  of  Cyclocyathns  Fittoni  or  a  distinct  species. 

Troohocyathus  conulus.  Phillips,  sp. 
CaryophylHa  conulus:  Phill.  111.  Geol.  Yorks.,  2rid  ed.,  1835,  pi.  ii, 

fig.  1. 

Turhinolia  conulus :  Mich.  Icon.  Zooph.,  1840,  p.  1,  pi.  i,  fig.  12. 
Trochocynthus  conulus.  Edw.  &  Haime:  Brit.  Fos.  Cor.,  1850,  p.  G3, 

pi.  ii,  fig.  5. 
Smilotroehns  elongatus,  Duncan  :  Supp.  Brit.  Fos.  Cor.,  pt.  ii.  No.  2, 

p.  36,  pi.  xii,  fij2:s.   10-16;   pi.  xiii,  figs.   10-12.      (Not 

Jukes-Browne :  Quart.  Journ.  Geol.  Soc,  1875,  vol.  xxxi, 

p.  303,  pi.  xiv,  figs.  14-16.) 
Smilotroehns  cylindricuSy  Duncan :  Supp.  Brit.  Fos.  Cor.,  1870,  pt.  ii. 

No.  2,  p.  36,  pi.  xiv,  fig.  16. 

^  Quart.  JourD.  Geol.  Soc,  1884,  p.  505. 
'  Gbol.  Mao.,  1885. 
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Tlie  name  of  CaryophylUa  eonuhts  was  given  bj  Phillips  in  1835  to 
a  coral  found  in  the  Speeton  Clay  of  Yorkshire;  and  having  obtained 
a  n limber  of  specimens  from  tliat  locality  which  are  obvioasly 
identical  with  the  coral  figured  by  Phillipn,  I  have  been  enabled 
to  compare  and  identify  these  with  specimens  from  the  Folkeatoue 
Gault,  and  to  clear  up  the  synonymy  of  the  species. 

TrochoeyaihuB  conutus,  as  I  now  restrict  it,  never  attains  to  the  siao 
of  the  specimens  from  the  Cambridge  Greensand  described  by 
Professor  Duncan  as  SmUotrochtu  ehngata,  which  latter,  it  should  be 
remembered,  ai*e  only  casts  of  the  interior,  and  are  not  nearly  bo 
large  as  the  perfect  coral  would  he.  Tlie  figures  of  Troehocyaikut 
conulus  given  by  Phillips  and  Michelin  represent  very  fulUsized 
examples,  hut  most  of  the  specimens  from  lK)th  S|>eeton  and 
Folkestone  are  smaller  and  less  regular  in  form. 

Michelin  gives  two  figures  of  this  species,  one  being  of  an  adherent 
coral  and  the  other  of  one  that  was  free.  The  latter  is  a  good 
representation  of  Trochocyaihus  connha,  but  the  former  is  more  like 
T.  Wilhhirei  than  T.  connlua,  both  of  which  species  are  foand 
associated  at  Folkestone.  In  none  of  the  specimens  from  Speeton 
which  I  have  seen  is  there  an  adherent  foot. 

The  more  elongated  corals  from  the  Gault  at  Folkestone  described 
and  figured  by  Professor  Duncan  as  Smilotroehua  eylindrieuB  occur 
also  at  Speeton  They  have  l>oth  columella  and  pali,  and  are  certainly 
Trochocynthi — indeed,  nothing  more  than  elongated  individuals  of 
Trochocyaihus  conulus. 

TUOCIIOOYATHUS    WlLTSIIIBEI,  DuUCaU. 

Trochocyaihus  Wilttthirei,  Dune. :   Supp.  Brit.  Fos.  Cor.,  1870,  pt.  ii, 

p.  34,  pi.  xiv,  figs.  10-12. 
Smilotrochns  graiiulatusj  Dune. :  loc.  cit.,  p.  76,  pi.  xiv,  fig.  17. 

Since  the  appearance  of  my  former  paper  in  1885  I  have  examined 
many  specimens  of  this  species,  and  while  I  am  satisfied  that  it  is 
a  good  one  I  am  more  than  ever  convinced  that  the  so-c^iUed 
Sinilotrochua  granulatus  is  nothing  more  than  the  young  fonn  of  it 

TuocuocYATnus  ?  CALCARATUS,  Touies. 

Sfnilotrochus  calcnratiiSf  Tomes:  Geol.  Mag.,  1885,  p.  543. 

Of  this  very  peculiar  species  I  can  now  say  that  its  characters  are 
by  no  means  those  of  Smilotrochns,  The  ragged  spines  of  the  septa, 
which  increase  in  size  and  pronn'nenco  as  they  approach  the  fossula, 
obscure  the  latter  part  so  much  that  examination  isdifiicult,  but  they 
meet  and  blend  in  the  centre  of  the  calice,  with  what  I  have  little 
doubt  is  a  true  but  small  columella.  Moreover,  in  some  of  the  better 
])reservea  calices  there  is  a  somewhat  circular  disposition  of  the 
spines  around  a  centre,  indicative  of  the  presence  of  pali.  And  if 
there  is  both  columella  and  a  ring  of  pali,  the  species  must  be 
referred  to  the  genus  J'rochoci/nthns, 

]3esides  occurring  in  the  Gault  at  Folkestone,  the  present  species 
has  been  found  in  the  Speeton  Clay  of  Yorkshire,  from  which  locality 
I  have  a  well-preserved  specimen,  in  which  there  are  certainly 
evidences  of  the  presence  ol  a  coluuvello. 
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Gkbatotroohus  IN8IQN18,  Duncaii,  sp. 

Smilotroehus  insignia,  Duno. :  Supp.  Brit  Fos.  Cor.,  1870,  pt.  ii,  No.  2, 

p.  37,  pi.  xii,  fig.  17;  pi.  xiv,  fig.  18. 

There  is  oonsiderable  doubt  as  to  the  generic  plaoe  of  this  small 
species,  but  that  it  oannot  retain  its  position  in  the  genus  Smihirochus 
is  most  certain.  In  addition  to  the  existence  of  a  very  distinct 
oolumella  it  is  probable  that  there  is  a  ring  of  pali,  in  which  case  it 
is  a  Troehoeyathus,  In  fractured  specimens  there  is  to  be  seen 
surrounding  the  large  columella  a  kind  of  outer  ring  having  much 
tbe  appearance  of  adherent  and  sty li form  pali,  which,  however, 
have  a  height  corresponding  with  that  uf  the  columella,  and  may 
therefore  be  a  part  of  it. 

DiBLASUS,  sp. 

By  the  kindness  of  Mr.  Jukes- Browne  I  have  examined  some 
mudi  worn  specimens  of  Diblasus  from  the  Coprolite  Bed  of  the 
Cambridge  Greensand,  and  compared  them  with  examples  of  Diblasus 
Gravensis  from  the  Chalk  of  Gravetsend.  They  ai*e  certainly 
specifically  distinct,  the  cost»  being  small — only  half  the  size  of 
those  of  D,  Gravensis  —  and  much  more  regular  in  size  and 
prominence.  In  none  of  the  specimens  are  tliere  any  calicos,  and 
I  refrain  from  further  description. 

Placosmilia  tubbkosa,  Edw.  &  Hairae,  sp. 

Turhinolia  compressa,  Morris:  Cat.  Brit.  Fos.,  1843,  p.  46. 
Trochosmilia  ?,  tnberosat  E«lw.  &  Haime  :  Brit.  Fos.  Cor.,  1850,  p.  58, 

pi.  X,  fig.  2. 
Trochosmilia  titberosaf  Morris:  Cat.  Brit.  Fur.,  2nd  ed.,  1854,  p.  68. 
SmilotrochuB   luberosa,  Edw.    &   Haime :    Pol.  Fos.   Paleoz.,  1851, 

p.  29;  Hist.  Nat.  Cor.,  1857,  toni.  ii,  p.  71. 
Placosmilia  cuneiformis?,  Duncan  (not  Edw.  &  Haime)  :  Supp.  Brit. 

Fos.  Cor.,  1869,  pt.  ii,  No.  1,  p.  27,  pi.  x,  figs.  1-5. 

A  single  specimen  from  the  Greensand  of  Blackdown,  which 
formed  part  of  the  collection  of  my  late  friend  Dr.  Wright,  and  is 
now  before  me,  has  the  peculiar  swellings  near  the  foot  which  gave 
to  the  species  its  specific  name ;  and  although  they  are  not  quite  so 
conspicuous  as  in  the  figures  given  by  MM.  Milne  Edwards  and 
Haime,  there  is  no  doubt  as  to  the  species. 

The  Blackdown  specimen  has  a  deep-seated  and  not  very  strongly 
formed  columella,  extending  the  whole  length  of  the  fossula, 
which  is  more  than  half  the  length  of  the  calice,  and  its  presence 
removes  the  species  at  once  into  the  genus  Placosmilia,  and  confirms 
its  specific  identity  with  the  small  deltoid  corals  from  the  Haldon 
Greensand  regarded  by  Professor  Duncan  as  the  Placosmilia  cunei- 
formis  of  MM.  Milne  Edwards  and  Haime  ;  a  wholly  distinct  and 
dissimilar  species  occurring  in  the  Gosau  deposits,  as  I  have 
determined  by  the  comparison  of  undoubted  specimens  from  the 
last-named  locality. 

The  Haldon  specimens  correspond  very  closely  in  general  size 
and  form  with  the  one  from  Blackdown,  and  especxaW^*  \tv  Wi^Y^w^gO^ 
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and  degree  of  development  of  the  lamelliform  oolamella,  but  differ 
in  having  the  tuberosities  at  the  foot  only  feebly  indioated,  and  the 
ribs  on  the  sides  of  the  septa  more  strongly  marked.  I  have 
examined  a  considerable  number  of  these  small  Plaeosmilia  from 
Hnldon,  but  they  are  merely  siliceous  oasts,  and  so  badly  preserved 
that  had  I  not  the  advantage  of  a  well-preserved  specimen  from 
filaokdown  for  oompariaon,  I  should  hesitate  to  speak  decisively  of 
them,  excepting  to  determine  with  absolute  certainty  their  distinction 
from  the  Gosau  specimens  of  Flacosmilia  cuneiformis.  The  latter  are 
perfectly  distinct  from  the  Blaokdown  and  Haldon  specimens. 

Tbochosmiua  sulcata,   Edw.   &  Haime:    Brit   Fos.   Cor.,   1850, 

p.  6d,  pi.  ii,  fig.  6. 

I  notice  this  Ri)ecie8  only  to  record  its  great  rarity,  one  specimen 
alone  amongst  several  hundreds  from  the  Gault  at  Folkestone  having 
reached  me;  and  I  may  make  the  same  observation  respecting  the 
extremely  pretty  Leptocyaihus  gracilU,^  a  single  specimen  being  all 
that  has  appeared. 

Parasmilia  granulata,  Duncan :  Supp.  Brit.  Fos.  Cor.,  1869,  pt.  ii. 

No.  1,  p.  13,  pi.  vi,  figs.  0-8. 

The  present  species  was  founded  on  one  or  more  specimens  in  the 
Dixon  Collection,  but  as  no  indication  of  locality  has  been  made 
known,  I  take  the  opportunity  of  recording  some  examples  which 
were  in  the  collection  of  Dr.  Wright  and  came  to  me  labelled  in  his 
handwritinp;,  "  Monoraryn  centralis,  W.  C.  Brighton."  They  accord 
well  with  the  figures  and  description  given  by  Professor  Duncan, 
but  one  of  them  is  of  greater  size  tlian  the  types,  having  a  height  of 
1  inch  4  lines  and  a  diameter  of  calice  a  little  exceeding  10  lines. 
It  has  the  largest  calice  of  any  British  Parasmilia  I  have  yet  seen. 

Parasmilia  Mantkllt,  Edw.  &  Ilaime :  Brit.  Fos.  Cor.,  1850,  p.  49, 
pi.  viii,  fig.  2  ;  Hist.  Xat.  Cor.,  18o7,  torn,  ii,  p.  173. 

The  original  doscribers  of  this  species  had  access  to  one  specimen 
only  (from  Bromley  in  Kent)  when  diagnosing  the  species,  and 
Professor  Dimcan  does  not  appear  to  have  seen  a  single  specimen 
even,  but  was  of  opinion  that  it  was  only  a  variety  of  Parasmilia 
Gravesana,  which  he  reducetl  to  the  rank  of  a  subspecies.  By  the 
kindness  of  Dr.  Hlackniore.  of  Salisbury,  who  has  favoured  me  with 
a  number  of  Farasmilifi  from  the  Chalk  near  that  town,  amongst 
which  are  several  specimens  of  Parasmilia  Mautellt,  I  can  without 
hesitation  restore  the  species  to  its  former  place.  There  can  be  no 
doubt  as  to  its  distinctness  from  Parasmilia  centralis  and  P.  Gravenana, 
and,  indeed,  from  all  the  other  British  species  of  the  genus;  but 
I  must  make  an  addition  to  the  otherwise  very  exact  description  of 
MM.  Milne  Edwards  and  Haime,  and  note  the  existence  of  a  very 
large  and  rather  elaborately  developed  columella,  which  attains  in 
one  specimen  to  quite  one-third  of  the  diameter  of  the  calice. 

'  Duncan :  "  Supp.  Brit.  Fo-^a.  Cor./'  ^it.  ii  (,1870),  Xo.  2,  p.  34,  pi.  xiii.  figs.  5-8. 
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CosLOSMiuA  BEQULABiB,  sp.  iiov.     Plate  XIII,  Figs,  2,  3,  4. 

The  ooralluin  is  small,  turbinate,  straight  or  a  little  curved,  and 
attached  by  a  very  small  foot,  and  there  are  distinct  but  not 
prominent  annular  swellings  indicating  periods  of  growth.  The 
oostsd  are  very  indistinct,  almost  obsolete  at  the  foot,  but  more 
defined  near  the  calice.  They  are  sub-equal,  and  alternately  finely 
granulated  and  papillated. 

The  calice  is  symmetrical,  circular  or  a  little  ovoid,  and  rather 
deep ;  the  margin  well  defined,  thin,  and  prominent,  and  the  fossula 
small,  deep,  and  a  little  elongated. 

There  are  four  cycles  of  septa  in  six  systems  ;  they  are  straight  in 

their  entire  length,  regular,  not  exsert,  and  their  margins  present  a 

regular  curvature  from  the  wall  downward  into  the  fossula.    Those 

of  the  first  cycle  almost  meet  in  the  centre  of  the  visceral  cavity, 

and  are  undulating  in  the  direction  of  a  horizontal  line  across  them 

from  the  wall  to  the  fossula.    The  undulations  form  broad,  flattened, 

-vertical  ridges  and  furrows  on  the  sides  of  the  septa ;  the  ridge  on 

one  side  corresponding  with  the  furrows  on  the  other.     The  septa  of 

the  second  cycle  are  three-fourths  the  length  of  the  primary  ones, 

and  those  of  the  third  are  a  little  more  than  half  the  length  of 

those  of  the  first  cycle,  while  the  septa  forming  the  fourth  are  short, 

bat  vary  considerably  in  different  calioes. 

in.  lines. 

Height  of  the  corallum  10 

Diameter  of  the  calice 0    6^ 

A  larger  specimen,  showing  periods  of  growth,  has  a  length  of 
1  inch  9  lines,  but  has  a  calice  of  no  larger  dimensions  than  that 
given  above. 

The  present  species  may  be  readily  distinguished  from  all  the 
other  British  species  by  the  great  regularity  in  the  form  of  the  calice, 
and  in  the  development  of  the  septa,  as  well  as  by  the  number  of 
the  cycles,  and  by  tlie  length  of  the  septa  forming  the  fourth  cycle. 

Hah, — ^I'he  Upper  Chalk  of  East  and  West  Harnham,  Salisbury, 
and  the  Upper  Chalk  of  Brighton. 

CcELosMiLiA  LAXA,  Edw.  &  Haimc. 
This  was  the  only  British  species  of  the  genus  accessible  to  MM. 
Milne  Edwards  and  Haime  when  they  wrote  their  history  of  British 
fossil  corals,  and  of  it  they  observe,  "  the  septa  are  very  unequally 
developed,  broad,  very  exsert,"  and  "  those  of  the  first  and  second 
cyola  {sic)  united  along  the  lower  part  of  their  inner  edge."    In  all  the 
specimens  from  the  Norwich  Chalk  which  I  have  seen  that  irregularity 
is  so  remarkable  that  I  have  wholly  failed  to  define  the  cycles,  and 
have  been  obliged  to  satisfy  myself  by  merely  counting  the  septa. 
Including  those  which  are  merely  rudimentary,  I  find  in  the  largest 
corallum  68  septa,  or  four  cycles,  and  20  septa  of  the  fifth  cycle. 
In  another  having  a  calice  only  a  little  smaller  there  are  43  septa 
only.     A  third  specimen  has  44  septa.     A  fourth  specimen,  with 
a  calice  much  reduced  in  size  by  recent  rejuvenescence,  has  only 
82  septa.      Other  specimens  which  I  have  exam\xiQ&  \iV9^  o\2\:3 

DBCAPJI  jr. — TOL.-  n. — KO,    TU.  1Q 
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confirmed  the  greet  irregularity  of  wptel  devdomneat  in  flie  geaai 
CmloBmiliaf  in  eo  far  as  C.  Uma  is  ooncemed ;  and  aa  the  seme  thing 
has  been  notioed  in  (7.  ooioaliMi,  CL  FMam^  end  C  n— dele  hf 
MM.  Milne  Edwards  and  Uaime^  and  in  U  WwtimwrM  St  Pioftasor 
Danoan,  we  are  justified  in  regarding  it  aa  having  move  than  ^eoifle 
yalae,  and  as,  I  think,  of  more  than  snbgenerio  s^pdfioanoe. 

Of  the  Jurassio  repreeentatiTes  of  the  mnna  debsiNBa  repoiad  tD 
have  been  fonnd  in  the  Nattheim  Oolite,  I  am  nnaMe  to  spear, 

BHUAvazA  KAMMiLnomiia,  Dane.*  sp. 

FoAoBwiB  mamMib/ofWf ,  Dana :  Snpp.  Brit  IVie.  Oor.,  1889,  pt  iii 
No.  1,  p.  25,  pi.  iz,  figs.  2-16. 

I  have  examined  several  other  spemroens  of  this  oorsl  ainee  fU 
Appearance  of  my  paper  in  1886,  in  whioh  the  alblon  oonneoting  the 
oorallites  is  well  preserved  and  obvfoas.  I  regret,  however,  that  the 
opportunity  has  not  oooorrsd  for  examining  any  of  the  earlier  known 
speoies  of  Bkiiamqia  by  means  of  seotions,  and  asoertaining  whetter 
their  septa  have  a  psendo-synaptioblar  growth  or  not  There  fa  no 
donbt  whatever  thett  the  present  speoies  haa  septa  whioh  do  not 
difier  materially  in  stmotnre  from  flioae  of  nmnoslrwa  and  that 
there  are  also  tabalar  dissepiments  between  them. 

Of  the  second  speoies,  Bhixemgia  dcmffaiOt  there  is  gvsat  doobt 
respeoting  its  specifio  distinction.  The  taller  the  speolnien,  die  neie 
irregular  is  the  outline ;  the  smaller  and  more  delbnned  the  oalioSb 
the  more  abnormal  is  the  cycle  of  septa.  In  fact,  the  elevated 
specimens  present  much  the  appearance  often  seen  in  other  sim|^ 
forms,  namely,  an  abnormal  and  excessive  growth,  just  what  is  not 
uncommon  in  certain  species  of  MonUivallia,  Mhizangia  dongaia  is 
at  best  a  doubtful  species. 

Leptophtllia  olayata.  Benss. 

Leptophyllia  clavatat  Beuss :    Denk.  der  Wiener  Akad.  der  "^^^ss., 

1864,  t  vii,  p.  101,  pi.  vi,  figs.  3-6. 
Turbino$eri$  de  FromenUli,  Dune. :  Supp.  Brit  Fos.  Oor.,  1870,  pt  ii, 

p.  42,  pi.  XV,  figs.  13-18. 
Leptophyllia  Anglican  Tomes :  Gbol.  Mao.,  1885,  p.  551. 

Oontinued  investigation  has  made  it  quite  obvious  that  the  coral 
which  Professor  Duncan  described  as  Tttr&ttiosens  de  Dromenielit  and 
which  I  subsequently  named  Leptophyllia  Angliea,  is  nothing  mors 
than  the  Leptophyllia  elavata  of  Reuss,  the  very  speoies  on  whioh 
the  genus  Leptophyllia  was  founded. 

Leptophyllia  irbxgularis,  Beuss.     Plate  XIII,  B*ig.  1. 

Leptophyllia  irregularie,  Beuss  :   Denk.  der  Wiener  Akad.  der  Wiss., 
1854,  t  vii,  p.  101,  pi.  vi,  figs.  2,  8. 

One  instance  only  of  the  occurrence  of  this  fine  speoies  in 
this  country  has  come  to  my  knowledge.  It  was  obtained  by 
Mr.  F.  H.  Butler  from  the  Lower  Qreensand  at  Sandown,  Isle 
of  Wight,  out  of  the  same  bed  whioh  has  supplied  the 
ZeptophylUa  €iavata.     I  have  compared  the  specimen,  whidi  is 
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1  larp^e  one  and  in  fine  preservation,  with  specimens  of  Leptophyllia 
rregularia  from  Gosau,  and  find  that,  although  it  differs  a  little 
rom  them  in  having  rather  thicker  septa  and  oostee,  it  corresponds 
1  every  other  particular,  and  so  closely  that  the  identity  of  the 
pecies  ctinnot  he  douhted. 

Stsphamophyllia  NUMI8MALI8,  sp.  nov.     Plate  XIII,  Figs.  5-8. 

The  corallum  is  suhciroular  and  much  depressed,  the  upper 
iirface  having  hut  little  convexity  and  the  outer  edge  heing  very 
lin.  Tlie  hase  is  a  little  concave.  The  hasal  wall  is  much 
erforated,  much  more  so  than  in  Slephanophyilia  Bowerbanki, 
sough  less  so  than  in  S.  radiata.  The  mural  costae  are  rather 
licker  than  in  S.  Bovserhanki,  and  not  so  closely  placed,  the  perforated 
paces  between  them  being  nearly  their  own  breadth.  'I*here  are 
bout  fifteen  perforations  between  each  pair  of  costsB,  but  the  number 
\  somewhat  variable.  The  costsD  anastomose  less  freely  than  in 
L  Bowerhanld,  and  there  are  no  indications  of  dissepiments 
etween  tliem. 

The  columella  is  rudimentary  and  depressed.    The  primary  septa 

re  straight,  and  pass  into  the  columella ;  they  are  relatively  rather 

lin  and  very  irregular.     The  secondary  septa  are  a  little  shorter 

ban  the  primary  ones;  those  forming  the  third  cycle  anastomose 

rith  the  secondary  ones  near  the  columella,  and  the  septa  of  the 

mrth  cycle  pass  into  those  of  the  third  at  about  half  their  length, 

bile  the  septa  constituting  the  fifth  cycle  join  those  of  the  fourth  at 

point  approximately  to  their  middle.     There  are  some  short  and 

ry  irregularly  developed  septa  of  the  sixth  cycle  anastomosing 

th  the  others.     All  the  septa  have  margins  which  are  excessively 

;ged  (lacerated  is  the  word  used  by  MM.  Milne  Edwards  and 

ime).  and  the  prominent  angular  points  have  the  appearance  of 

ig  twisted  or  bent  in  different  directions. 

Diameter  of  the  corallum 6 1  lines. 

Height  of  the  corallum      1    line. 

le  specimen  only  has  been  met  with.     It  was  obtained  from  the 

of  Actinocamax  qundrata  in  the  Upper  Chalk  at  East  Harnbam, 

Salisbury,  and  is  in  the  museum  of  that  city.     I  am  indebted  to 

Uackmore  for  the  opportunity  of  describing  and  figuring  this 

nd  interesting  species. 

DESCRIPTION  OF  PLATE  XIII. 

Leptophyllia  inrffulariSy  Reuss,  the  corallum,  natural  size. 
Caslosmilia  regularity  the  corallum,  natural  size. 
,,  ,,        the  calice,  magnified  twice. 

,,  ,,        a  septum,  magnified  three  times. 

Stephanophyllia  tmmismalUf  the  corallum,  natural  size. 
,,  ,,  the  same,  seen  in  profile. 

,,  ,,  the  calice,  magnined  three  times. 

,,  ,,  a  portion  of  the  hasal  wall  showing  the  inter- 

costal perforations,  magnified  three  times. 
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IV. — QuLOiATSD  Yaluetb  ih  tbb  Faboh. 

By  JotBPK  LoMAt,  A.R.C.S.P  F.G.B. 

THE  intereitbg  paper  by  Hr.  Barker  in  ihe  QsoLoaioAL  HAOunn 
of  Hay,  1899,  on  <<  Qlaciated  Yalleya  in  Skye^**  leoalla  to  m; 
mind  many  timilar  obaervationa  I  made  in  die  Faroes  in  the  SmnMC 
of  1894.    Not  only  are  the  Talleya  ezoavated  oat  of  homogeneoM 
rooks,  bat  die  Faroes,  like  the  CoillinSy  had  a  glaotalion  of  their  own. 
It  may  be  advisable,  then,  to  oall  attention  to  some  points  whibh 
resemble  those  referred  to  by  Mr.  Harker,  as  well  as  others  wUbh 
are  not  seen  in  Skye. 

The  Faroes  oonsist  of  a  group  of  islands  twenty-six  in  namber. 

They  have  a  trend  approximately  N.  W.-S.IL,  and  lie^  with  one  or  two 

exoeptions,  side  by  side,  as  if  threaded  on  a  line  ronning  N.B.-&W. 

The  islands  are  separated  by  long  narrow  fiords»  and  are  evidently 

the  result  of  erosion ;  no  straotaral  peonliarities  in  the  great  platean 

of  basalt  suggest  any  other  oonolusion.    A  line  drawn  from  F^i^ 

on  the  east  to  Myggenaes  on  the  west  gives  the  line  of  water-parting 

of  tiie  present  da^r,  as  well  as  the  ioe-shed  whioh  obtained  when  the 

islands  were  glaoiated.    Sonndings  taken  along  the  fiords  show  that 

they  are  shallow  when  the  line  orosses,  and  deepen  N.W.  and  R.B. 

Into  the  fiords  numerous  oirques  open  on  both  sides.^    Some  of  them 

are  simple  U-shaped  valleys  whioh  have  their  floors  above^  aC»  or 

even  below  sea-level.    Others  descend  in  great  steps  towards  the 

fiords,  the  curves  embracing  the  tiers  widening  as  they  approach 

sea-level.     Besides  the  simple  forms,  others  are  seen,  whioh  I  have 

called  compoimd  or  clustered  cirques.'     They  consist  of  several 

U- shaped  valleys  which  open  into  a  common  valley.      We  may 

compare  them  with  leaves  of  shamrock,  and  they  have  evidently  been 

determined  by  the  courses  of  the  rivers  and  their  tributaries  whioh 

eroded  the  plateau  in  Pre-Glacial  times.     The  common  valleys  into 

whioh  the  tributary  cirques  open  are  not  always  straight,  but  trend 

towards  the  N.W.  north  of  the  line  of  ice-shed  and  towards  the  S.E. 

south  of  the  line.    This  feature  is  particularly  noticeable  in  the  fiord 

which  separates  the  two  largest  islands,  Stromo  and  Ostero,  from 

each  other. 

Dxtensive  erosion  has  taken  place  since  the  Glacial  period,  for  we 
find  in  some  places  a  cluster  of  small  islands,  whose  outlines  show 
that  at  one  time  they  formed  part  of  one  great  cirque.  Thus  the 
remarkable  island  of  Tindholm,  and  the  Drangas  associated  vrith  it, 
are  all  contained  in  one  great  basin-like  curve.  In  many  instances 
along  the  west  and  north  coasts  the  cliffs  are  very  lofty  and 
imposing.  They  average  over  a  thousand  feet,  and  in  places,  e.g 
My  ling  Head,  present  a  sheer  vertical  wall  over  two  thousand  feet 
in  height.  When  followed  inland,  however,  the  surface  is  ofteo 
found  to  descend  very  rapidly  into  a  great  cirque,  in  some  oases  eves 

1  See  Olacialiflts*  Magazine,  June,  1895 ;   and  J.  Geikie,  T.R.8.E.,  Toi.  xxz, 
pt  1,  p.  218. 
*  Giaciaiists'  Magazine,  June,  1^95. 
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ielow  sea-level.  A  very  fine  example  of  this  is  seen  near  Tiornevig. 
Sailing  northwards  past  the  towering  walls  of  Myling  Head,  we 
urn  eastwards  and  at  onoe  come  into  the  basin  of  a  great  oirqiie 
^hich  falls  in  one  grand  curve  two  thousand  feet.  Myling  Head, 
ike  many  other  parts  of  the  coasts,  is  a  mere  narrow  ridge  of  rock, 
leparating  the  sea  on  one  side  from  a  cirque  valley  on  the  other. 

It  is  hardly  possible  to  enumerate  all  the  cirque  valleys  which 
>xist  in  the  Faroes.  They  abound  in  all  the  larger  islands,  and 
arns  occupying  true  rock-basins  are  frequently  seen  on  their  floors. 


IsTOTICES   ODP    3sj:e3sj:oirs- 

Fhe   Parent -rock   or   the    Diamond    in    South   Africa.      By 
Professor  T.  G.  Bonnet,  D.So.,  LL.D.,  V.P.R.S.^ 

SO  much  has  been  written  on  the  occurrence  of  diamonds  in  South 
Africa,  that  a  very  few  words  may  suffice  as  preface  to  this 
x)nimunication.  Keferences  to  many  papers  on  the  subject  are 
^ven  in  *'The  Genesis  and  Matrix  of  the  Diamond"  (1897),  by 
[he  late  Professor  H.  Carvill  Lewis,'  and  others  have  been  published 
since  that  date.'  It  may  suffice  to  say  that  the  diamond,  first 
iiBCovered  in  1867  in  gravels  on  the  Orange  River,  was  found  three 
jrears  later  in  certain  peculiar  deposits,  which  occur  locally  in  a 
region  where  the  dominant  rock  is  a  dark  shale,  sometimes  inter- 
bedded  with  hard  grits,  or  associated  with  igneous  rocks  allied  to 
basalt.  These  deposits  occupy  areas  irregularly  circular  in  outline, 
and  bearing  a  general  resemblance  to  volcanic  necks.  The  dia- 
mantiferous  material,  near  the  surface,  is  soft,  yellowish  in  colour, 
and  obviously  much  decomposed;  at  a  greater  depth  it  assumes 
a  dull  greenish  to  bluish  tint,  and  becomes  harder.  At  the  well- 
known  De  Beers  Mine,  near  Kimberley,  the  works  in  1898  had 
been  carried  to  a  depth  of  about  1,500  feet,  and  the  diamantiferous 
material,  for  at  least  the  last  100  yards,  was  not  less  hard  than  an 
ordinary  limestone.  It  has  a  brecciated  aspect,  the  dark,  very 
minutely  granular,  matnx  being  composed  mainly  of  serpentine 
(about  four-fifths  of  the  whole),  and  of  a  carbonate  of  lime  (with 
some  magnesia  and  a  little  iron).  In  this  matrix  are  embedded 
grains  of  the  following  minerals :  Olivine,  enstatite,  smaragdite, 
chrome-diopside  (omphacite  of  some  authors),  a  brown  mica,  garnet 
(mostly  pyrope),  but  more  than  one  variety  observed,  magnetite, 
chromite,  ilmenite,  with  several  other  minerals  much  more  sparsely 
distributed. 

Bock  fragments  are  also  present,  variable  in  size,  but  commonly 
not  exceeding  about  an  inch  in  diameter,  as  well  as  in  quantity. 

*  Being  a  paper  read  before  the  Royal  Society  on  June  Ist,  1899. 

*  Edited  by  the  present  writer. 

*  Jules  Garnier,  Geo).  Soc.  South  Africa  Trans.,  1897,  p.  91  ;  H.  S.  Harder, 
ibid.,  p.  124.  See  also  W.  G.  Atherstone,  ibid.,  1896,  p.  76;  L.  De  Launav, 
Compt.  Rend.,  toI.  125  (1897),  p.  335.  The  last  author,  in  '*  Lcs  Diamantsdu 
Cap  (Paris,  1897),  gives  a  ven*  lull  account  of  the  mines,  but  an  even  better  owft 
win  be  found  in  Max  Bauer,  **  JEdelsteinkunde'*  (Leipzig,  \ft96,  i^.  T.Q^V 
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These,  ooeaiionally,  bat  not  geoenlly,  are  rather  afanndaiit    Li 
some  cases  they  are  diipa  of  the  neigfaboariiig  Uadk  ahale.  but  in 
others  they  are  greyish-oolomed  with  a  somewhat  poroelalnised 
aspect    Tlie  latter  are  generally  sabangnlar  in  form  and  eztemally 
banded  or  bordered  with  a  darker  tint ;  ojatallbe  rooks  hacwm  also 
been  noticed,  though  these  appear  to  be  far  from  oommon,  soob  as 
granite,  diorite,  and  varieties  <n  edogite.*    As  to  the  genesis  of  die 
diamond,  more  than  one  opinion  has  been  expressed.    Ptofessor 
Lewis  regarded  the  matrix  as  a  porphvritio  form  of  perldotUe,  ones 
a  lava,  now  serpentiniMd,'  in  which  ue  diamond  hail  been  fonned 
by  the  action  of  the  molten  rock  on  eome  oarbonaoeoua  mat«rU 
(probably  the  Karoo  shale).    Others  regarded  the  matrix  as  a  trae 
breccia,  comparing  it  with  the  agglomemtes  in  voloanio  rodka.    But 
among  the  latter,  some  thought  Umt  the  diamond  had  been  ^rodooed 
in  <t(4  by  the  action  of  steam  or  hot  water  in  a  subsKment  sdUalarie  - 
stage  of  the  volcano,  while  others  (including  myseU)  held  that  it  - 
had  been  formed,  like  the  garnets,  pyroxenes,  eta.  In  some  deep* 
seated  holocxystalline  mass  wiiioh  had  been  shattered  hj  explosions.*' 
The  specimens  which  I  am  about  to  describe  were  obtaiiied  at  the» 
Kewlands  Mines,  West  Ghriqualand;   ftt>m  40  to  42  milea  ftma. 
Kimberley,  almost  due  N.W.    Here  Uie  workmen  occasionally  cam» 
across  w«ll-roanded  boulder-like  masses  of  rather  coarsely  eirfstal- 
line  rock,  studded  with  garnets,  which  are  sometimes  aboat  a  fbc^ 
in  diameter.    Specimens  of  these  were  found  or  obtained  by  Mr.  O*. 
Trubenbach,  the  London  manager  of  the  Newlands  Diamond  Min» 
Company,  during  a  visit  to  the  mines  in  1897.     His  interest  had 
already  been  aroused  by  picking  up  a  specimen,  presently  to  b» 
noticed,   in  which   some  small    diamonds    occurred,   very  closely 
associated  with  a  garnet ;  so  the  boulders  were  brought  back  by 
him  to  England.     On  careful  examination  a  small  diamond  was 
detected  on  the  surface  of  one  of  these.     On  breaking  the  boulder 
others  were  revealed.     The  most  interesting  fragment  was  sent  by 
Mr.  Trubenbach  to  Sir  W.  Crookes,  who  showed  it  to  me.     Exami- 
nation  with  a  band  lens  convinced  me  that  the  rock  could  not  be 
a  concretion  of  the  '  blue  ground/  but  was  truly  holocrystalline  and 
allied  to  the  eclogites.     Sir  W.  Crookes  generously  waived  his  own 
claim  to  study  the  specimen,  and  obtained  for  me  permiasion  from 
Mr.  Trubenbach  to  have  slices  cut  from  it     I  gladly  take  thii 
opportunity  of  expressing  my  gratitude  to  both  gentlemen ;  to 
Sir  W.  Crookes  for  allowing  me  to  carry  out    this   interesting 
investigation,  and  to  Mr.  Trubenbach  for  his  great  liberality  in 
placing  at  my  disposal  a  considerable  suite  of  specimens  (including 

1  A.  W.  Stelzner,  «  Sitzungsber.  u.  Abhandl.  der  Isis''  (Drwden),  1S93  (April), 
p.  71,  calls  attention  to  the  fact  that  these  show  dgns  of  attrition  and  that  thef 
range  in  size  from  a  few  cubic  millimetres  upwards,  being  sometimes  large  bonldats. 
Among  the  materials  (:it  Kimberley)  he  mentions  both  granite  and  edogite. 

'  For  the  rock  itself  he  proposed  the  name  '  kimberlite.* 

3  In  other  words,  that  the  volcano  (as  occasionalij  has  happened)   had  ejaded^ 
little  or  no  lava  or  scoria,  discharging  only  steam  and  hot  water,  with  ahattwe^ 
Tock,    This  riew  is  held  by  Ma^i  Bauei,  in  *|  Edelsteinkunde,*'  p.  225,  which»  how 
eveTf  I  had  not  seen  when  t\ua  ]^]^i  "waa  Nm\\Aii. 
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^ther  boalden)  from  the  Newlauds  Mines,  and  for  the  trouble  whioli 
lie  has  taken  in  affording  me  the  necessary  information. 

Prior  to  the  discovery  just  mentioned,  one  or  two  instances  had 
oconrred  at  the  De  Beers  Mine  of  a  diamond  apparently  enclosed  by 
or  projecting  into  a  pyrope.  One  such,  the  garnet  being  the  size  of 
a  rather  large  pea,  is  in  the  collection  at  Freiberg  (Saxony),  to 
which  it  was  presented  in  1892.^ 

The  specimen  found  by  Mr.  Trubenbach  at  the  Newlands  Mine 
was  a  piece  of  blue  ground,  with  a  pyrope  projecting  from  one 
angle.  A  small,  apparently  broken,  diamond  seems  embedded  at 
the  top.  The  others  (five)  are  well  crystallized,  two  on  one  side, 
three  almost  in  contact  on  the  other.  The  pyrope  (which  has 
a  kelyphite  rim)  seems  to  be  indented  by  two,  but  to  have  once 
included  the  others,  as  they  are  in  contact  with  the  unaltered 
mineral.  We  were  thus  brought  so  far  as  to  associate  the  diamond 
with  the  pyrope ;  though  this  proved  no  more  than  the  presence  of 
garnets  in  the  parent  rook  of  the  diamond,  and  thus  made  the 
eclogite  (already  known  to  occur)  highly  probable,  for,  as  observed 
by  Professor  K.  Beck,^  the  specimen  itself  is  blue  ground.  In 
confirmation  of  his  statement  I  pulverized  a  frajipnent,'  and  find 
that  the  powder  correspondM  with  the  matrix  of  the  blue  ground 
when  similarly  treated.  The  latest  discoveries  enable  me  to 
complete  the  chain  of  evidence. 

EOLOOITB   BOULDRRS    CONTAINING   DIAMONDS. 

The  first-named,  that  containing  several  diamonds,  is  a  fragment 
(perhaps  from  a  quarter  to  a  third)  of  a  boulder,  which  probably  was 
ellipsoidal  in  shape,  two  of  the  axes  being  nearly  equal  and  the 
third  distinctly  the  longest.  We  may  infer  that  it  was  rounded 
from  a  roughly  rectangular  block,  since  the  curved  surfaces  are 
slightly  flatter  in  the  middle  parts.  The  axial  lengths  in  the 
fragment  (prior  to  removinj^  a  piece  from  one  end)  were  approxi- 
mately 4  in.  by  3  in.  by  2  in.  The  rock  is  coarsely  granular, 
apparently  composed  of  two  green-coloured  minerals,  one  darker 
than  the  other  (possibly  only  different  states  of  a  single  mineral), 
and  of  rich  resin-pink  coloured  garnets,  varying  in  size  from  a  hemp 
seed  to  a  pea,  with  slightly  irregular  distribution.  The  outer 
surface  of  the  boulder,  except  for  a  very  small  '  step '  on  one  side, 
is  smooth,  the  garnets  barely,  if  at  all,  projecting.  The  latter  are 
oovere<1  with  a  rather  soft,  dark  skin,  sometimes  slightly  thicker 
than  the  thumb  nail,  which  often  has  partly  fallen  off.  This,  as 
can  be  seen  on  the  broken  surfaces,  becomes  less  conspicuous  in  the 
inner  part  of  the  boulder,  and  is  sometimes  invisible  to  the  unaided 
eye.  Two  small  diamonds  are  exposed  on  the  curved  outer  surface. 
one  about  half,  the  other  about  one-fifth,  of  an  inch  from  the  edge 

1  A.  "W.  Stelzner,  **  Sitzunffsber.  der  Tsis  zu  Dresden,'*  1893,  8.  85,  and  R.  Beck, 
"Zeitsch.  f ur  praktiache  Geok)g:ic,"  1898  (May),  p.  163. 

*  Ut  8upr&. 

'  I  could  not  advise  Mr.  Trubenbach  to  have  a  slice  cut  from  the  specimen,  as 
I  feared  it  might  be  injured,  but  he  kindly  detached  a  little  fra^m&iil  Ix^xs^  ^}QA 
opposite  end  to  that  named  above,  which  I  have  thus  examined.. 
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of  the  cross  fracture.  On  the  latter  surface,  nearly  an  inch  below 
the  last-named,  three  small  diamonds  appear  to  lie  in  a  line  touching 
one  another,  and  near  them  are  two  others,^  all  four  within  a  space 
about  three-quarters  of  an  inch  square ;  an  eighth  diamond  is  about 
an  inch  and  a  half  away  (on  the  same  face) ;  a  ninth,  about  one* 
fifth  of  an  inch  from  the  top  edge  ;  and  a  tenth  occurs  on  the  larger 
crosB-fractured  surface,  but  near  to  the  edge  of  the  other  one.  These 
diamonds  are  octahedra  in  form,  generally  with  stepped  faces — one, 
at  least,  apparently  twinned — perfectly  colourless,  with  brilliant 
lustre ;  the  largest  being  quite  0*15  inch  from  apex  to  apex ;  the 
smallest  not  exceeding  0*05  inch.  All  seem  to  be  embedded  in 
the  green  part  of  the  rock.  As  the  outer  part  of  the  boulder  looks 
rather  more  decomposed  than  the  inner,  1  had  a  piece  removed  from 
one  end,  thus  enabling  me  to  study  the  mass  to  a  depth  of  more  than 
an  inch  from  the  surface,  and  examined  a  strip,  about  4  inches 
long,  in  a  series  of  five  slices. 

The  late  Professor  Lewis  has  given,  in  the  volume  already 
mentioned,  so  full  an  account  of  the  minerals  which  occur  in  the 
*  blue  ground,'  that  it  will  be  needless  on  the  present  occasion  to 
do  more  than  refer  to  his  descriptions,'  only  calling  attention  to 
any  variations  in  the  mineral  constituents  and  their  association 
in  these  eclogites.     The  constituents  are : — 

1.  (a)  Garnet  (Pyrope). — In  the  slice  these  appear  a  light  tawny 
or  yellowish  red  tint,  retaining  this  tint  (though  much  lighter) 
under  the  microscope.^  They  are  generally  clear,  with  frequent 
and  irregular  cracks,  but  are  occasionally  traversed  by  wavy  bands 
of  minute  enclosures  of  a  pale  brown  filmy  mineral,  which  is  rather 
irregular  iu  outline,  very  feebly  pleochroic,  and  gives  with  crossed 
nicols  fairly  bright  polarization  tints.  Similar  minerals  sometimes 
have  formed  along  the  cracks.  They  are  probably  mica,  or  possibly 
chlorite,  and  indicate  incipient  decomposition.  The  garnets  towards 
the  outside  of  the  boulder,  as  already  said,  are  enveloped  in  a  *  skin,* 
and  the  microscope  shows  that  it  usually  exists  inside,  though  there 
it  is  thinner.  In  the  former  case  it  is  generally  browner  in  colour 
and  more  distinctly  crystalline,  corresponding  in  cleavage, 
pleochroism,  etc.,  with  a  mica  of  the  biotito  group  ;  in  the  latter 
it  is  greener  and  more  filmy  with  an  aggregate  habit  and  seems  to 
project  into  the  garnet.  I  regard  it  as  due  to  decomposition,  a  form 
of  the  well-known  kelyphite  rim,  sometimes  a  mica,  sometimes 
a  chlorite,  possibly  now  and  then  associated  with  a  little  minute 
hornblende.  In  a  few  cases  a  *  rim  *  is  brown  in  the  outer  part  and 
green  within.  The  constituent*  tend  to  a  parallel  rather  than 
a  radial  grouping.  I^ho  garnets  occtisionally  contain  minute 
branching  root-like  enclosures  grouped    in   bands.     Though  these 

*  It  is  ])(>s.sihle  that  these  two  form  a  twiu  crystiil,  but  I  think  they  are  separate. 
As  the  point  is  unimportant,  I  have  not  attempt<f<l  to  dear  away  the  matrix. 

*  We  must  also  not  forj^et  the  paper  hy  Professor  Maskelyue  and  Dr.  Flight 
(Quart.  Journ.  Ge(»l.  Soe.,  vol.  xx\,  p.  40G),  in  which  several  of  these  minerals  are 
(lescril>t'(l,  anahzed,  and  ideutitied.  In  fact,  the  authors  ascertained  everUhing  that 
was  i)o<sil)lp  with  th<j  materials  then  ohtJiinable. 

^  r/j/t'ss  it  is  expressly  stated,  Wni  use  ol  «.  V  in,  objective  may  be  assumed. 
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act  on   polarised  light,   I  regard    them    as   empty   cavities,  and 

attribute  this  to  diffraction. 
(6)  Chrome-diopMe, — The  mineral  described  under  that  name  by 

Professor  Lewis,  and  referred  to  by  others  as  omphaoite  or  sahlite. 
The  individuals  are  sometimes  about  a  quarter  of  an  inch  long.  In 
thin  slices  it  is  a  pale  dullish  green  colour,  inclining  to  olive  ;  under 
the  microscope,  a  pale  sea-green,  with  a  trace  of  pleochroism.  It 
has  one  strongly  marked  cleavage,  not  however  nearly  so  close  as 
in  ordinary  diallage,  and  a  second  weaker,  sometimes  approximately 
at  right  angles  to  it.^  On  examining  flakes,  obtained  by  crushing, 
I  find  the  strong  cleavage  to  be  clinopinacoidal  and  the  other 
probably  basal,  and  obtain  on  a  clinopinaooi'd  an  extinction  of  85^ 
with  a  prism  edge.  It  is  in  fact  identical  with  the  pyroxene 
described  by  Professor  Lewis'  as  chrome-diopside.  In  it  (though 
rarely)  small  rounded  enclosures  of  a  greenish  mineral  aggregate 
much  blackened  with  opacite.  I  regard  them  as  alteration  products 
of  a  ferriferous  olivine.  This  diopside,  at  the  exterior  and  along 
cracks,  is  often  converted  into  a  minutely  granular  to  fibrous 
mineral,  which  gives  a  '  dusty '  aspect  to  that  part  of  the  crystal, 
when  viewed  with  transmitted  light,  and  a  whitish-green  one  with 
reflected  light  This  often  terminates  in  a  minutely  acicular  fringe, 
piercing  the  original  diopside.  Its  grains  occasionally  are  a  little 
larger,  showing  a  cleavage,  dull  green  in  colour,  fairly  pleochroic, 
and  having  the  extinction  of  hornblende.  A  process  of  secondary 
change,  as  in  uralite,  is  no  doubt  indicated.  Now  and  then  a  tiny 
film  of  brown  mica  occurs  in  this  part  or  even  in  a  crack  in  the 
diopside. 

It  is  this  alteration  product  which  gives  the  mottled  aspect 
mentioneil  above  as  visible  to  the  unaided  eye,  so  this  is  not 
indicative  of  a  third  important  constituent  in  the  original  rock.  In 
one  of  the  slices  the  mica  just  named  attains  a  larger  size  (about 
0*03  in.  across),  has  a  fairly  idiomorphio  (hexagonal  prism)  outline, 
and  is  not  restricted  to  the  margin  of  the  garnet.  In  this  case  it  is 
generally  associated  with  calcite,^  which  it  tends  to  surround,  and 
that  in  one  place  encloses  a  radiating  acicular  mineral  (?  a  zeolite), 
in  another  the  calcite,  or  some  other  carbonate,  is  mixed  with 
a  serpentinous  material.  Distinct  granules  of  iron  oxide  are 
practically  absent  from  the  slices,  though  here  and  there  it  may  be 
indicated  by  some  opacite.  I  have  not  found  spinel,  or  rutile,  or 
zircon,  or  pseud obrookite.  In  fact,  putting  aside  the  diamonds,  the 
rock  in  its  unaltered  condition  was  a  coarsely  holocrystalline  mixture 
of  chrome-diopside  and  garnet,  with  a  few  small  enclosures  of  olivine ; 
in  other  words,  it  was  a  variety  of  eclogite  and  of  igneous  origin.^ 

>  One  may  give  a  general  idea  of  their  relative  importance  by  comparing  them  to 
the  columns  and  cross- joints  in  some  basalts. 

2  Loc.  cit.,  p.  21. 

'  From  the  tacts  I  think  it  probably  of  secondary  origin.  It  reminds  me  some- 
times of  the  brown  mica  produced  by  contact  metutiiorphiHrn. 

*  I  am,  of  course,  aware  that  eclogite,  in  the  past,  has  been  regarded  by  some 
geologists  as  a  raetamorphic  rock.  Apart  from  the  fact  that  several  rocks  once 
assigned  to  this  class  are  now,  with  good  reai^on,  regarded  as  \«;iieovA,  \  \iA.N^  'W^ 
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2.  A  fragment  (probably  aboat  oae-qnaiier)  of  a  flattidi  ovoU 
boulder. — ^The  two  broken  sorfaoea,  whion  are  naailj  at  right  angbi^ 
measure  6  and  6}  in.  roughly,  and  it  ia  about  8|  in.  b%h.  Tlie  took 
Tory  oloaely  reaemblee  the  one  juat  deaoribed,  ezoept  that  arioa 
oooura  rather  oftener  and  in  huc|i;:er  flakea ;  pwhapa  tte  gameta  (hare 
also  not  quite  regukrly  diatributed)  are  elightiy  mora  nnmMOHL 
The  outer  aurAuM  is  not  quite  so  well  preaenred,  though  enoiiii^ 
remains  to  show  that  it  also  has  been  smooth,  and  a  few  thin  wna 
of  a  white  mineral  (oaldte  ?)  traverse  the  rode.  On  this  aorliMa, 
near  the  meeting  of  the  two  fraotures,  and  expoaed  Iqr  the  vsmoial 
of  a  little  material  (Le.  it  might  originally  have  boon  juat  h{ddan)» 
is  a  diamond  (ootahedron),  apparently  about  0*lin.  in  diametar.  On 
one  side  it  rests  against  a  pyrope,  the  adjaoent  aurfaoa  of  whioh  la 
incurved,  the  two  minerals  being  parted  oy  the  dull  grean-odoarsd 
kelyphite  rim  of  the  latter,  whioh  is  about  0*08  in.  in  thiclmess 
Thin  sections  of  this  boulder  oorrespond  almost  esaotly  with  dwae 
from  the  other,  the  garnets  showing  preoisely  the  same  tinta,  thoi^^ 
traces  of  a  cleavage  (roughly  parallel  throughout)  are  peroeptiUa  on 
dose  inspection,  and  are  distinct  under  the  micnaoope.  In  gsnet 
such  a  struotura  commonly  indicates  prassuro,  and  the  general 
parallelism  accords  with  this  explanation,  but  the  other  oonatitaenta 
show  no  signs  of  crushing.  The  '  kelyphite '  rims  to  the  gunela 
are  perhaps  slightly  broader  and  the  brown  mica  passes  faito  a  grsea 
(chloritic  ?)  mineral,  and  occapies  cracks  in  the  garnet  a  little  mora 
frequently,  but  as  before  the  oonstituents  tend  to  lie  parallel  rather 
than  radially.  One  or  two  of  the  diopsides  show  fine  oadllatory 
twinning.  The  cracks  are  occupied  with  calcite  or  some  altered 
carbonate.  There  is  no  real  difference  between  this  eclogite  and  the 
last-named  one. 

Eclogite  Boulders  without  Diamonds. 

3.  Part  of  a  boulder,  which  must  have  been  about  a  foot  in 
diameter. — In  macroscopic  aspect  it  presents  a  general  resemblance 
to  the  rocks  described  above,  with,  however,  the  possibility  of 
a  second  ^reen  Cimstituent.  This  is  not  confirmed  on  microscopic 
examination.  The  rock  consists,  practically,  of  pyrope  and  diopside, 
as  already  described,  except  that  negative  crystals  are  rather  nnusually 
conspicuous  in  the  latter.  Into  the  details  of  these,  as  the  point 
seems  not  to  have  any  bearing  on  the  present  investigation,  I  do 
not  purpose  to  enter. 

4.  A  fragment,  more  irregular  in  form  than  tbeothen,  meaaures  very 
roughly  al^ut  7  in.  by  4f  in.  by  3^  in.  It  retains  a  good  piece  of  the 
outer  surface,  which,  though  now  a  little  corroded,  was  once  smooth. 
The  rock,  which  is  rather  decomposed  and  crumbly,  consists  chiefly 
of  three  minerals :  garnet,  not  quite  so  large,  paler  and  more  pink 
in  colour  than  the  last-named ;  an  emerald-green  pyroxene,  and 
a  yellowish  or  greenish  grey,  platy  to  fibrous  mineral,  suggestive 

several  opportunities  of  studyinj^  eclogite,  and  have  no  doubt  as  to  its  orig:iii.    Take 
tfif'jiv  tiic  aikali  from  a  maema  with  the  chemical  composition  of  s  diorite,  tad  ^ 
rcBViit  vrovXd.  be  gurnets  in  place  ol  ielv^i,  \.e.,  vii^V)^^^. 
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of  a  second  more  altered  pyroxene.  In  thin  •Hoes  the  paler  and 
pinker  tint  of  the  garnet  is  very  perceptible,  as  well  as  the  tendency 
to  a  rude  and  generally  parallel  cleavage.  But  we  find  in  it,  under 
the  microscope,  a  few  raiorolithic  enclosures,  of  an  apparently  colour- 
less mineral,  which  occurs  in  long  prisms  crossed  at  about  70^  by 
an  occasional  transverse  cleavage,  and  extinguishing  at  an  angle 
of  about  26^  with  the  longer  edge.  Many  of  the  cracks  exhibit 
slight  decomposition,  starting  from  them,  and  are  sometimes  occupied 
by  calcite.  The  pyroxene,  under  the  microscope,  hardly  differs 
from  the  one  already  de8cril>ed,  except  that  the  green  tint  is 
slightly  richer  and  one  or  two  crystals  contain  the  small  dark 
brown  negative  crystals,  common  in  hypersthene  and  diallsge.  The 
dominant  cleavage,  as  before,  is  along  the  clinopinacoi'd.^  The  third 
mineral  proves  to  be  an  altered  enstatite,  but  I  leave  the  details 
for  the  present  as  it  is  better  preserved  in  another  rock.  A  fourth 
coiiRtituiMit  is  also  present,  but  more  sparingly,  viz.,  a  pale-brown 
mica,  only  moderately  pleochroic  (phlogophite?).  It  occurs  generally 
in  plates,  averaging  about  0*1  in.  long.  The  minerals  appear  to  have 
formed  in  the  following  order :  (a)  garnet,  {h)  diopside,  (c)  mica, 
(d)  enstatite.  As  before,  iron  oxides  are  very  inconspicuous  ;  there 
may  \m  a  grain  or  two  (bmall)  of  serpentinised  olivine.  Tlie  marked 
presence  of  enstatite  distinguishes  this  rock  from  the  others,  but 
it  differs  from  the  eulysites  by  the  substitution  of  that  mineral  for 
olivine,  and  so  links  thone  rucks  to  the  more  ordinary  eclogites. 
llie  occurrence  of  a  little  mica  indicates  the  presence  of  a  small 
amount  of  an  alkali  in  the  magnin.  If  necessary  we  may  name  it 
newlandite,  but  personally  1  should  prefer  to  call  it  an  enstatite- 
eclogite,  for  1  think  the  coinage  of  fresh  titles  more  often  a  bane 
than  a  boon  to  science. 

6.  This  boulder  is  almost  perfect,  except  that  the  general  flatness 
of  one  side  indicates  either  traces  of  an  old  fracture  or  considerable 
loss  by  crumbling.  The  surface  has  been  smooth,  but  it  has  suffered 
from  unequal  weathering  of  the  minerals.  Its  girth,  in  three  direc- 
tions at  rigiit  angles,  is  approximately  20Jin.  by  19Jin.  by  ITJ^in. 
It  appears  only  to  differ  from  the  last-described  in  having  its  garnets 
a  shade  more  purple,  and  in  an  approach  to  a  banded  structure ;  the 
diopside  being  rather  more  abundant  in  a  middle  zone,  the  garnet  in 
one,  the  enstatite  in  the  other  of  the  outer  zones.  Being  satisfied 
that  it  is  merely  a  variety  of  the  last-described  rock,  I  have  preferred 
to  leave  it  as  an  intact  boulder. 

6.  The  next  fragment,  measuring  about  3  in.  by  2^  in.  by  2  in., 
and  retaining  part  of  its  smooth  outer  surface,  is  labelled  '*  found  in 
the  yellow  ground  of  No.  2  mine*  50  feet  deep."  Though  it  is 
much  more  decomposed  than  the  others,  the  purplish  garnet,  the 
emerald-green  pyroxene,  the  altered  enstatite  (here  very  rotten), 
and  a  flake  or  two  of  phlogophite  (?)  are  easily  made  out.     It  is 

'  As  noticed  by  Professor  Lewis,  ut  supri,  p.  22,  in  the  diopside  the  prism 
cleava^  has  practically  disappeared,  and  a  clinopinacoidal  cleavage  replaces  the 
orthopmacoidal  usual  in  dialla^e. 

'  Ihe  others  come  from  another  mine  (No  1). 
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obviously  a  more  decomposed  specimen  of  the  rock  represented  by 
the  two  preceding  specitiiens. 

7.  The  last  of  this  group  of  specimens  is  a  rock  fragment,^ 
measuring  about  3^  in.  by  2  in.  in  length  and  breadth,  and  slightly 
exceeding  an  inch  in  greatest  thickness.  Its  outline  is  irregular, 
being  determined  by  the  fracture  of  the  predominant  diallage-like 
mineral.  The  crystals  of  this  run  large,  an  inch  or  more  in  length, 
breadth,  and  thickness.  It  is  greyish-green  in  colour,  having  one 
dominant  cleavage,  with  a  sub-metallic  lustre,  and  close  subordinate 
cleava(j;es,  giving  a  somewhat  fibrous  aspect  to  that  surface.  Between 
these  large  crystalline  lumps,  numerous  small,  ill-defined  garnets 
(pyrope)  seem  crowded,  so  as  to  form  fairly  continuous  partings, 
generally  hardly  0*1  inch  in  thickness.  As  the  readiness  with  which 
the  rather  soft  pyroxenic  constituent  split  away  made  it  improbable 
that  a  good  slice  could  be  cut,  and  I  was  reluctant  to  injure  the 
specimen,  I  contented  myself  with  detaching  a  few  flakes  of  this 
constituent  for  microscopic  work,  since  the  determination  of  its 
identity  was  sufficient  for  my  purpose.  These  show  the  mineral 
to  have  one  easy  cleavage  and  a  rather  fibrous  structure ;  they  give 
straight  extinction  parallel  with  this.  As  the  usual  rings  and 
brushes  can  be  seen  on  the  face  of  easy  cleavage,  the  mineral 
belongs  to  the  bastite  group.  The  same  is  true  of  the  enstatite  in 
boulder  (4),  though,  as  it  is  slightly  more  fibrous,  and  not  in  quite 
so  good  a  condition,  the  optical  picture  is  less  distinct  Thus  we 
may  name  the  rock  from  which  the  present  specimen  has  been 
broken,  a  garnet-bearing  bastitite. 

8.  This  specimen,  said  to  be  a  fragment  of  a  boulder,  is  very 
different  from  the  rest.  It  is  a  compact  greenish-grey  rock  con- 
taining enclosures,  which  give  it  the  aspect,  at  first  sight,  of  a  pebbly 
mudstone.  Microscopic  examination  shows  it  to  be  a  compact 
felspathic  diabase,  with  vesicles,  which  have  been  filled  up  with 
calcite,  chlorites,  and  other  secondary  minerals  (probably  zeolites), 
but  not  to  have  any  special  interest.  Its  relations  appear  to  be 
with  the  rocks  occurring  in  a  conglomerate  which  we  shall  mention 
in  a  later  paragraph. 

The  *  Blue  Ground  '  and  Associated  Rocks. 

Two  areas  of  diamantiferous  rock  are  now  being  worked  at  the 
Newlands  Mines.  The  sliape  of  the  one  which  supplied  most  of  the 
specimens  described  in  this  paper  is  irregular,  and,  so  far  as  I  know, 
exceptional.  Its  outline  at  the  surface  may  be  roughly  compared  to 
a  rounded  triangle  into  the  base  of  which  the  point  of  a  rather  short 
shuttle  is  thrust,  the  greatest  bieadth  of  tlie  two  being  about  equal. 
Exploratory  workings  at  a  depth  of  300  feet  show  that  the  former 
area  rather  quickly  narrows,  and  tlie  latter  terminates  in  clefts ;  the 
*blue  ground,'  in  fact,  appears  to  fill  a  fissure,  broadening  in  two 
places  to  vents  whicli  have  been  traced  for  some  distance  underground 

^  T  am  inlnnncil  thit  this  wa<  not  part  of  a  houlder,  but  came  out  of  the  *  bine 
ground  '  neiirly  in  its  preseut  eonditiou. 
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Southwards   from   the  principal   maas   of  diamantiferous  rock,  as 
Represented  in  the  annexed  section. 
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An  igneous  rock  occurs  on  either  side.  It  is  compact,  a  greenish- 
jiprey  in  colour,  not  unlike  some  of  the  less  acid  Welsh  felstones. 
Under  the  microscope  it  is  found  to  be  much  affected  by  secondary 
mineral  changes ;  the  iron  oxides  alone  being  in  good  preservation. 
A  few  small  crystals  of  decomposed  felspar  are  scattered  in  a  yet 
more  decomposed  matrix,  of  which  the  minor  details  are  uninteresting. 
Tlie  rock  may  be  classed  with  the  compact,  rather  felspathic,  diabases. 
These,  farther  to  the  south,  turn  off  rather  sharply  to  east  and  west. 

In  the  interval,  about  12  feet  in  width,  between  walls  of  this 
diabase,  ribs  of  the  '  blue '  and  a  mudstone  alternate,  the  thickest 
one  of  the  former  being  from  3  to  4  feet  in  width,  and  the  inner 
part  of  it  is  in  better  preservation  than  the  outer.  Specimens  have 
been  examined  from  tiie  heart  of  the  mass  (vii),  a  part  outside 
it  (vi),  and  the  exterior  portion  (v).  The  first  (vii)  in  texture, 
hardness,  and  colour  reminds  me  a  little  of  the  dark  serpentine 
found  north  of  Cadgwith,  in  Curnwall.  In  this  matrix  roundish 
spots  occur,  some  darker  than  it,  others  a  yellow-green  colour, 
besides  a  few  angular  whitish  spots.  The  block  is  traversed  by  two 
or  three  thin  calcareous  veins.  Specimen  (vi),  while  generally 
similar,  is  more  decomposed,  and  apparently  contains  some  fragments 
of  shale.  Specimen  (v)  has  a  stratified  aspect,  being  a  dull  grey, 
faintly  mottled  rock,  with  streaky,  dark,  rather  carbonaceous-looking 
bands;  the  origin  being  doubtful,  till  it  is  seen  under  the 
microscope.  A  fourth  specimen  (iii)  shows  the  mudstone  traversed 
by  a  vein  of  rather  pale-coloured  decomposed  '  blue,'  not  exceeding 
an  inch  in  thickness.  A  fifth  (ii)  is  from  near  the  diabase  on  the 
western  side,  a  dark  compact  rock,  faintly  mottled,  here  and  there 
presenting  a  slight  resemblance  to  a  '  blue '  traversed  by  thin  veins 
of  a  carbonate ;  and  sixth  (iv)  from  a  like  position  on  the  opposite 
side  is  a  generally  similar  rock,  but  with  wider  veins  filled  with 
more  coarsely  crystalline  calcite.  The  last  specimen  represents  the 
'blue'  in  the  'neck,'  a  few  yards  to  the  north  and  at  the  same 
level  (300  feet).    This,  inferior  in  preservation  to  Wi^  ^t^V-\i<d.\£k!^^ 


inolodei  numeront  roimdad  frigraents  a  lUde  imtk&r  tlwi  A$ 
matrix,  with  others,  anguUr  to  sab-angalar,  mnam  alao  daikar  ca4 
acme  lighter  than  it 

A  brief  aammary  of  the  reaalta  of  mioroaooiiio  ezamiaatiiNi  mj 
aaffioe,  ai  theae  rooke  do  not  materially  differ  firom  qpednau 
obtained  in  the  De  Beers  Mine*  of  whioh  I  have  paUiahed  a  lUl 
aooonnt  ^ 

The  matrix  is  a  mixtare^  in  slightly  variable  qoaatities^  of 
grannies  of  oaloite  or  dolomite,  asrpentine,  pyrosene^  and  inm 
oxides,  in  whioh  ooonr  flakea  with  fairly  idiomorphio  ootlinaa  of 
a  warm-brown  mioa,  moderately  pleodiroio,  oomsponding  with  thai 
described'  in  one  or  two  specimens  from  De  Been  Mine.  VtB 
prisms  are  abont  0<X)2in.  in  diameter,  and  sometimea  nearly  ss 
thick.  This  mica,  which,  as  stated  in  a  former  papar»  I  ooasider 
a  secondary  product,  occurs  abundantly  in  ail  the  apeoimans,  bat 
in  that  from  the  interior  (on  the  whole  the  best  preserved  ndk)  ft 
is  locally  assuming  a  green  colour,  no  doubt  by  hydration.  In  the 
specimens  from  the  thick  rib,  the  one  last  named  oontaina  minanl 
grains  and  rook  fragments,  except  for  a  few  flakea  of  the  naoal  wkik» 
The  former  are  a  mixture  of  two  fibrous  minerals,  the  lafgar  psit 
corresponding  with  aotinolite ;  the  rest,  giving  lower  poJarisaliea 
tints,  may  be  serpentine,  l^is  fsot,  and  struotarss  aqgnativs  ef 
the  former  presence  of  a  cleavage  mors  rsgular  than  thatM  oUvim^ 
make  it  more  probable  that  diopaide  was  the  original  minenL 
Though  iron  oxide  is  present  in  specks  and  rods  (especially  in  the 
worse  preserved  specimen),  this  occurs  either  in  the  outer  port,  or 
as  though  it  had  been  deposited  along  cleavage  planes.  In  the  thin 
rib  of  '  blue '  (iii),  some  of  the  grains  are  composed  partly  of 
a  fihroufl  mineral,  as  aliove  described,  and  partly  of  a  dear  one, 
which  often  affords  rather  rich  polarisation  tints,  and  presents  some 
resemblance  to  quartz.  Its  precise  nature  is  difficult  to  determine, 
owing  to  the  absence  of  distinctive  characters,  but  I  believe  it  to 
be  of  secondary  origin.  Rock  fragments  are  not  common  in  the 
first  (interior)  specimen  (vii) ;  one,  however,  is  probably  an  altered 
shale,  and  another  possibly  a  limestone.  This  is  bordered  by  a  pale, 
pyroxenic  mineral  piercing  into  the  grains  of  calcite.  In  the 
second  specimen  (vi)  fragments  are  rather  common ;  among  them 
are  those  of  diabase,  ranging  from  fine  to  coarse,  one  specimen  of 
the  latter,  originally,  perhaps,  an  inch  in  diameter,  showing  an 
ophitic  structure;  felspar  and  augite  both  being  rather  altered, 
seemingly  by  infiltration,  and  one  small  fragment  resembles  a  sob* 
crystalline  limestone.  Specimen  (v)  does  not  materially  diflEsr,  but 
seems  to  contain  more  carbonate  than  the  others.  The  dark 
streaking  is  due  to  grains  of  iron  oxide  or  serpentine  with  mnoh 
opacite ;  rock  fragments  few  and  small.  Specimen  (iii)  from  the 
thin  vein  contains  a  few  very  small  rock  fragments,  mudstone  or 
shale,  more  or  less  altered,  possibly  also  a  compact  diabase.  Tbe 
'  country  rock '  is  a  mudstone,  consisting  of  small  chips  of  quarti 

1  Obol.  Mao.,  1896,  p.  492  ;  and  1897,  p.  448. 
'  Geol.  M^q.,  1^97,  ^^.  460^  461. 
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and  felspar,  variable  in  size,  enil)edded  in  a  dusty  matrix,  including 
a  carbonate,  which  is  more  abundant  within  about  a  fiftieth  of  an 
inch  from  the  junction.  This  part  is  slightly  stained,  but  I  was 
unable  to  detect  any  signs  of  contact  metaniorphism.  Specimens  (ii) 
and  (iv)  are  generally  similar,  but  the  former  contains  some  small 
ronnded  bits  of  varieties  of  diabase,  and  one  may  represent 
a  crystalline  limestone.  The  veins  are  filled  with  calcite  and  other 
secondary  products,  and  are  bordered  by  a  very  thin  film  of  a  brown 
micaceous  mineral,  like  that  described  as  often  permeating  the 
'blue/  Both  specimens  suggest  micromineralogical  changes,  such 
as  might  be  produced  by  the  passage  of  hot  water. 

Other  specimens  of  the  sedimentary  rock  in  the  immediate  neigh- 
bonrhood  of  the  blue  have  been  forwarded  to  me  by  Mr.  Trubenbaoh  ; 
one,  from  the  adit  on  the  southern  side  of  the  section  mentioned 
above,  is  a  grey  mudstone,  containing  a  flattish  rectangular  pebble, 
of  a  dark-green  compact  rock.  Two  others  are  from  No.  2  mine,  or 
about  700  yards  to  the  south- west.  One,  struck  in  the  shaft  at 
a  depth  of  200  feet,  is  a  conglomerate,  composed  of  well-rounded 
rock  fragments,  with  some  scattered  grains  of  quartz.  Each  of  the 
former  is  bordered  by  a  zone  of  a  crystalline  carbonate  (impure 
calcite),  and  the  interstices  are  filled,  sometimes  by  a  clearer  variety 
of  the  same,  but  more  often  by  some  minutely  granular  secondary 
product  Of  the  rock  fragments,  one  is  a  subcrystalline  dolomitic 
limestone ;  two,  perhaps,  are  chalcedony ;  the  remainder  are  igneous ; 
the  majority  being  varieties  of  diabase,  sometimes  rather  decomposed  ; 
the  rest  trachytes,  mainly  andesites.  Their  general  asptict  and  the 
not  un frequent  presence  of  vesicles  (now  filled  with  viridite)  suggest 
that  they  have  been  furnished  by  lava-fiows.  Another  specimen, 
obtained  in  the  same  working  at  a  depth  of  400  feet,  is  a  rather 
felspathic  diabase,  not  unlike  one  of  the  varieties  in  the  conglomerate. 
It  is  a  good  deal  decomposed,  is  not  improbably  from  a  lava-fiow,  but 
does  not  call  for  a  minute  description. 

Conclusion. 

Thus  the  diamond  has  been  traced  up  to  an  igneous  rock.  Tlie 
*  blue  ground '  is  not  the  birthplace  either  of  it  or  of  the  garnets, 
pyroxenes,  olivine,  and  other  minerals,  more  or  less  fragmental, 
which  it  incorporates.  The  diamond  is  a  constituent  of  the  eclogite, 
Just  as  much  as  a  zircon  may  be  a  constituent  of  a  granite  or  a 
syenite.  Its  regular  form  suggests  not  only  that  it  was  the  first 
mineral  to  crystallise  in  the  magma,  but  also  a  further  possibility. 
lliough  the  occurrence  of  diamonds  in  rocks  with  a  high  percentage 
of  silica  (itacolumite,  granite,  etc.)  has  been  asserted,  the  statement 
needs  corroboration.  This  form  of  crystallised  carbon  hitherto  has 
been  found  only  in  meteoric  iron  (Canyon  Diablo),  and  has  been 
produced  artificially  by  Moissan  and  others  with  the  same  metal  as 
matrix.  But  in  eclogite  the  silica  percentage  is  at  least  as  high  as 
in  dolerite ;  hence  it  is  difficult  to  understand  how  so  small  an 
amount  of  carbon  escaped  oxidation.  I  had  always  expected  that 
a  peridotite  (as  supposed  by  Professor  Lewis),  if  not  a  m^Ajm^  ^^\* 
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more  basic,  would  prove  to  be  the  birthplace  of  the  diamond.  Can 
it  possibly  be  h  derivative  mineral,  even  in  the  eclogite?  Had 
it  already  crystallised  out  of  a  more  basic  magma,*  which 
however,  was  still  molten,  when  one  more  acid  was  injected,  and 
the  mixture  became  such  as  to  form  eclogite  ?  But  I  content  myself 
with  indicating  a  difficulty,  and  suggesting  a  possibility ;  the  fact 
itself  is  indiR[)utab1e :  that  the  diamond  occurs,  though  rather 
sporadically,  as  a  constituent  of  an  eclogite,  which  rock,  according 
to  the  ordinary  rules  of  inference,  must  be  regarded  as  its  birthplace. 
This  discovery  closes  another  controversy,  viz.,  that  concerning 
the  nature  of  the  *  Hard  blue '  of  the  miners  (Eimberlite  of  Professor 
Lewis),  in  which  the  diamond  is  usually  found.  The  boulden 
described  in  this  paper  are  tinily  water- worn,  llie  idea  that  thej 
have  been  rounded  by  a  sort  of  '  cup  and  ball '  game  played  bj 
a  volcano  may  be  dismissed  as  practically  impossible.  Any  such 
process  would  take  a  long  time,  but  the  absence  of  true  scoria 
implies  that  the  explosive  phase  was  a  brief  one.  They  resemble 
stones  which  have  travelled  for  several  miles  down  a  mountain 
torrent,  and  must  have  been  derived  from  a  coarse  conglomerate, 
manufactured  by  either  a  strong  stream  or  the  waves  of  a  sea  from 
fragments  obtained  from  more  ancient  crystalline  rocks.'  The 
'  washings,' '  a  parcel  of  which  I  received  from  Mr.  Trubenbach,  also 
show  that  the  boulders  are  really  water- worn.  Besides  two  unworn 
pieces  of  pyrite  and  a  rough  bit  of  eclogite,  about  three-quarters 
of  an  inch  in  diameter,  the  pyroxenic  constituent  of  which  was 
a  bright  emerald  green  ( ?  smaragdite),  I  fin<l  part  of  a  subangular 
fragment  of  chronie-diopside  associated  with  two  or  three  flakes 
of  the  usual  mica,  a  well-rounded  garnet  fully  0(>  inch  across,  and 
half  a  well-worn  pebble  of  eclogite,  about  one  inch  long  and  half 
an  inch  thick.  The  rounded  water-worn  look  of  the  great  majority 
of  the  smaller  constituents  (chiefly  garnets  and  pyroxenes),  about 
the  size  of  homp-seed,  is  very  obvious.  I  had  suspected  some  of 
the  grains  washings  from  the  De  Beers  Miue  to  have  been  similarly 
treated  ;  but  here  it  is  indubitable,  indeed  many  of  the  dark  green 
specimens  are  so  smooth  outside  tiiat  they  could  only  be  identified 
after  fracture.  The  ordinary  diopside  can,  however,  be  recognised, 
with  some  of  a  clearer  aiul  brighter  green.  Most  of  the  garnets 
are  py ropes,  but  a  few  resemble  essonite.  I  find  also  some  grains 
of  iron  oxi<le  and  of  veiti  quartz.  Thus,  the  presence  of  water-worn 
fragments,  large  and  small,  in  considerable  abundance,  shows  the 
*  blue  ground  'to  be  a  true  breccia,  produced  by  the  destruction  of 

*  This,  liowfVLT,  cannot  liuvo  been  very  rich  in  iron,  because  diopside  does  not 
contain  nuu.-h  of  that  constituent. 

'  As  these  e(rl(>;^it»«  are  very  coarsely  crystalline,  we  are  justifittl  in  assuming  they 
were  once  deep-seiited  r«»ck«*,  and  so  niucli  more  ancient  than  the  date  of  the 
C(in«i^lonierate.  To  jirevent  any  niisunderstindins^  I  may  repeat  that  the  matrix  trom 
which  these  boiddere  wen?  taken  (at  various  deptlis,  trom  nearly  100  to  al>oat  30o 
feet)  cannot  ])e  atiy  alluvial  deposit,  but  is  the  typical  *blue  jjround,'  pnicticallr 
identical  witli  tliat  in  the  Kiniherley  mines. 

^  Thr  name  is  ^iven  to  the  mineral  residue  left  after  washing  away  the  decompoMd 
matrix  of  the  '  blue  ground.' 
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mrious  rooks  (some  of  them  orystalline,  others  sedimentary,  bat 
Docasionally  inclading  water- worn  boulders  of  the  former)  —  i.e^, 
I  result  of  shattering  explosions,  followed  by  solfatario  action. 
Sence  the  name  Eimberlite  must  disappear  from  the  list  of  the 
wridotites,  and  even  from  petrological  literature,  unless  it  be 
stained  for  this  remarkable  type  of  breccia. 

Boulders,  such  as  we  have  described,  might  be  expected  to  occur 
it  the  base  of  the  sedimentary  series,  in  proximity  to  a  crystalline 
ioor.  The  Karoo  beds  in  South  Africa,  as  is  well  known,  are 
mderlain  in  many  places  by  a  coarse  conglomerate  of  considerable 
hickness  and  great  extent,  called  the  Dwyka  conglomerate,  which 
•  supposed  to  be  Permian  or  Permo-Carboniferous  in  age.  It  crops 
mt  from  beneath  the  Earoo  beds  at  no  great  distance  from  the 
liamond-bearing  district,  and  very  probably  extends  beneath  it. 
f  this  deposit  has  supplit;d  the  boulders,  the  date  of  the  genesis 
f  the  diamond  is  curried  back,  at  the  very  least,  to  PalsBOZoic  ages, 
nd  possibly  to  a  still  earlier  era  in  the  earth's  history. 


I^  E  V  I  E  "W  S. 

. — Thkokt  op  the  Earth,  with  Proofs  and  Illustrations.  In 
Four  Parts.  By  James  Hutton,  iM.D.,  F.R.S.E.  Vol.  Ill, 
Edited  by  Sir  Archibald  Geikie,  D.C.L.,  F.RS.  8vo;  pp.  xvi, 
278,  with  Index  to  Vols.  I  and  II.  London.  1899.  Published  by 
the  Geological  Society,  Burlington  House,  London.    Price  3s.  6d. 

[N  the  aTinals  of  Geology,  Hutton's  "Theory  of  the  Earth"  ranks 
as  one  of  the  principal  classics,  and  if  this  original  work  has 
>een  to  some  extent  eclipsed  by  Play  fair's  lucid  "Illustrations"  of 
t,  the  fame  of  the  author  and  his  influence  on  the  progress  of 
jeology  have  thereby  been  greatly  enhanced.  Of  the  four  parts 
vhich  the  "Theory  of  the  Earth"  was  planned  to  comprise,  two 
►nly  Were  published  (in  separate  volumes)  in  Edinburgh  in  1795, 
wo  years  before  the  death  of  the  author.  An  incomplete  MS.  of 
he  third  volume,  intended  to  embrace  the  third  and  fourth  parts 
►f  the  work,  has  long  been  in  the  possession  of  the  Geological  Society, 
rhis  MS.  commences  with  Chapter  IV ;  the  efforts  to  discover  the 
arlier  portion  having  proved  unsuccessful.  It  is  remarked  by  the 
Sditor  that  although  there  is  reason  to  believe  that  the  MS.  of 
Tol.  Ill  was  nearly  ready  for  the  printer  at  the  time  when  the  other 
wo  volumes  were  published,  yet  it  is  possible  that  the  want  of 
IrawingH  to  illustrate  the  text  may  have  caused  the  delay.  The  six 
ihapterH  now  published  deal  mainly  with  Hutton's  views  regarding 
he  origin  of  granite ;  they  include  narratives  of  his  excursions  into 
lifferent  parts  of  Scotland,  notably  to  Glen  Tilt,  to  Galloway,  and 
o  the  Isle  of  Arran.  As  the  Editor  points  out,  Hutton's  Essay 
m  Arran  "  is  a  masterpiece  of  acute  observation  and  luminous 
^neralization.  Had  it  been  published  in  his  lifetime,  it  would 
lave  placed  him  at  once  as  high  in  the  mnks  of  ^e\d-^<&o\c)^\^V&  ^^^ 

dbcadb  rr. — vol.  tj. — vo.  vir.  ^\ 
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he  admittedly  stood  among  those  of  the  speoulative  writen  of 
his  time." 

We  may  quote  a  few  passages  in  reference  to  the  Tisit  to  Amn 
which  was  made  in  1786  : — 

''  lu  setting  out  upon  that  expedition,  I  had  but  one  object  in 
view ;  this  was  the  nature  of  the  granite,  and  the  connection  of  it 
with  the  contiguous  strata.  .  .  •  Our  head-quarters  were  it 
Brodowiok  [Brodick],  and  our  first  object  was  to  examine  around 
the  mountain  of  GoatfieM  for  the  connection  of  the  granite  with  the 
strata  or  surrounding  bodies.  This,  however,  cost  us  a  great  deal  of 
trouble  to  accomplish.  .  .  .  After  making  some  other  frnitlen 
attempts,  I  set  out  on  horseback  for  Loch  Ranza ;  with  a  view  to 
investigate  the  same  object  by  the  way,  as  well  as  to  examine  the 
north  end  of  the  island,  where  I  knew  the  coal  and  slate  were 
worked  near  the  shore.  Upon  this  road  I  observed  that  the  North 
Sanox  river,  which  I  had  crossed  in  entering  the  schistns  district  to 
the  north,  runs  nearly  in  the  junction  of  the  schistus  and  Uie  granite 
mountuins,  the  characters  of  which  are  very  distinguishable  to  the 
view.  I  then  went  forward,  but  in  returning  I  quitted  my  horse, 
and  went  over  the  mosses  and  muir  towards  the  heieuls  of  that  North 
Sanox  river  which  there  divides  into  two  streams.  Here  I  had  the 
satisfaction  to  find  the  immediate  junction  of  the  schistus  with  the 
granite,  in  the  solid  rock,  exposed  perfectly  to  view,  and  that  in 
both  of  these  rivulets,  a  little  way  above  their  junction.  Nothing 
can  bo  more  evident  than  that  here  the  schistus  had  been  broken  and 
invaded  by  the  granite ;  as  in  this  place  the  regular  stratification  of 
the  vertical  schistus  is  broken  obliquely  by  the  other  rock,  and 
parts  of  the  schistus  involved  or  almost  insulateil  in  the  mass  of 
granite,  winch  from  this  junction  enters  and  traverses  the  body 
of  the  schistus  in  little  veins  terminating  in  capillaries." 

This  and  many  other  passages  show  the  care  and  discrimination 
with  which  Hutton  pursued  his  observations,  and  the  remarkable 
insight  he  showed  in  determining  the  geological  structure.  In  his 
visit  to  Arran,  as  in  his  **  Journey  to  tho  North  Alpine  part  of 
Scotland,"  in  1785,  tho  question  before  him  was  how  far  the  granfte 
"is  to  be  considered  as  a  primary  mass  in  relation  to  the  alpine 
schistus ;  in  that  case,  fragments  of  the  granite  might  be  found 
included  in  the  schistus,  but  none  of  the  schistus  in  the  granite." 

In  elucidation  of  the  text  the  Editor  has  inserted  numerous 
explanator}'  notes,  which  are  full  of  interest  in  themselves,  and  will 
greatly  aid  the  reader.  Moreover,  he  has  most  effectively  supplied 
the  place  of  the  missing  drawings  by  original  pictorial  views  and 
drawings  taken  bv  himself  in  Arran  while  specially  following 
Hutton's  route  with  his  description  in  hand.  Other  illustrations 
borrowed  from  publications  b}'  Macculloch  and  the  Geological  Sur^•ey 
are  introduced  to  make  clear  particular  features  described  in  the 
work.  The  Editor  has  furnished  an  index  to  the  volume,  and  also 
a  separate  index  to  vols,  i  and  ii — a  contribution  which  will  be 
much  appreciated  by  the  happy  possessors  of  those  volumes. 

We   may   heartily   congraluVal^  S\t   Archibald    Geikie   and   the 
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Geological  Society  on  the  publication  of  thiM  work,  which  is  not 
only  a  tribute  to  the  memory  of  one  of  the  Early  Fathers  of 
Geology,  hut  one  which  will  be  read  and  appreciated  by  all 
interested  in  the  history  of  the  science. 


II. — Caps  or  Oood  Hope  :    Annual  Report  of  the  Qeologioal 

CoBfMISSION   FOB   1897. 

THE  main  features  of  the  report  for  1897  are  the  accompanying 
map  and  Meotions.  The  map  is  on  a  reduced  scale  of  12*62 
English  statute  miles  to  one  inch,  and  shows  the  geology  of  the  area 
stretching  from  the  west  coast  eastward  to  the  Gamka  River,  and 
from  the  Zwarteberg  Mountains  on  the  north  to  some  distance  south 
of  the  Langebergen.  The  map  is  clearly  printed  in  colours,  the 
major  faults  being  successfully  represented  by  a  narrow  uncoloured 
band.  The  structure  of  the  area  is  illustrated  by  five  horizontal 
sections  drawn  across  the  intervening  districts  situated  between 
Worcester  on  the  west  and  Ladismith  on  the  east 

The  report  itself  is  marked  by  commendable  caution,  there 
bein^  an  entire  absence  of  the  highly  coloured  descriptions  so  usual 
in  African  geological  literature. 

The  Commission  is  to  be  congratulated  on  the  amount  of  work  done, 
and  the  interest  and  importance  of  the  results  obtained.  Especially 
worthy  of  praise  is  the  adherence  to  a  plain  statement  of  facts  in 
place  of  building  up,  on  insufficient  data,  elaborate  and  fascinating 
theories. 

The  succession  established  by  Bain  and  Dunn  is  in  the  main 
adhered  to,  the  formations  in  descending  order  being  given  as 
follows : — 

Conglomerate,  Qravels,  Sands,  and  Limestone. 

Ecca  Beds. 

Dwyka  Series. 

Witteberg  Beds. 

Bokkeveld  Beds. 

Table  Mountain  Sandstone. 

(Marked  unconformity.) 

Malniesbury  Beds. 

Granite  intrusive  in  Malmesbury  Beds. 

The  Malmesbury  Beds  cover  wide  areas  round  Hopefield  and 
Malmesbury,  and  are  i-epresented  as  forming  a  narrow  strip  north  of 
the  great  dislocation  known  as  the  Worcester-Robertson  Fault, 
between  Tulbagh  on  the  north-west  and  Swell endam  on  the  south- 
east, and  also  a  small  triangular  patch  east  of  Ladismith  and  south 
of  the  Zwarteberg.  One  of  the  greatest  alterations  from  the 
excellent  map  of  Mr.  Dunn  is  the  withdrawal  of  the  Malmesbury 
Beds  from  the  Caledon  district,  and  the  insertion  of  strata  of 
Bokkeveld  age  in  their  place,  thus  returning  to  the  mapping  of 
A.  G.  Bain.  The  Malmesbury  are  considered  to  be  the  oldest  rocks 
seen  at  the  Cape,  the  Namaqualand  schists  and  gneiss  of  Mr.  Duiiiv 
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and  other  writers  on  South  African  stratigraphy  not  being  recogniiei 
as  separate  divisions. 

Tlie  Malmesbury  Beds  consist  of  micaceous  slates,  fine  compact 
quartzites,  pliyllites,  and  mica  schists,  as  predominant  rocks,  with 
bands  of  crystalline  limestone  and  beds  of  sheared  conglomerate. 
Ottrelite  schists  are  not  uncommon  in  the  series  from  the  Hex  River 
to  Swellendam.  The  intrusive  rocks  are  granite,  quartz-porphyry, 
and  diabase,  considerable  areas  being  shown  on  the  map  between 
St.  Helena  Bay  and  Malmesbury  and  around  Paarl  and  Stellenltosch. 
The  granite  is  a  coarsely  porphyritic  biotite  granite;  segregation 
veins  are  numerous  and  form  considerable  masses.  The  granite 
often  shows  distinct  evidence  of  shearing. 

Between  the  Mnlmesbury  Beds  and  the  overlying  rocks  a  great 
unconformity  is  everywhere  noticed.  The  Table  Mountain  Sandsfooe 
Series  on  Table  Mountain,  though  lying  flat,  is  described  as  having 
been  subjected  to  considerable  earth  movement,  as  shown  by  the 
presence  of  vertical  cleavage  and  occasional  shearing.  In  the 
mountains  beyond  Mitchells  Pass  and  Hex  River,  and  in  the  Eloofs 
and  Passes  of  the  Zwarteberg  and  Langeberg,  magnificent  examples 
of  the  twisting  and  curving  to  which  the  Table  Mountain  Sandstone 
has  been  subjected  are  seen.  The  Table  Mountain  Sandstone 
consists  of  coarse  sandstones  and  quartzites,  with  subordinate  Imnds 
of  shale ;  no  fossils  have  been  found. 

The  Bokkeveld  Bods,  which  conformablv  succeed  the  Table 
Mountain  Sandstone,  consist  of  sandstones  and  shales,  hut  the  latter 
play  a  much  more  important  part  than  in  the  Table  Mountain 
Sandstone  Series.     Many  fossils  of  Devonian  fades  are  found. 

The  liokkeveld  Beds  pass  np  into  another  sandstone  and  shale 
group  with  bands  of  quartzite,  called  the  Witteberg  Beds  in  the 
report.  These  correspond  to  the  Zwarteber«;  Quart  zitxj  Series  of 
other  writers ;  the  alteration  of  name  being  necessary  as  the 
Zwarteberg  Mountains  are  found  by  Mr.  Rogers  to  consist  of  Table 
Mountain  Sandstone.  The  only  fossils  found  in  the  Witteberg  group 
are  plant  remains  and  the  curious  markings  called  Spirophyton, 
of  doubt lul  organic  origin,  but  said  to  be  very  characteristic  of 
this  group. 

The  Tahle  Mountain  Sandstone,  Bokkeveld  and  Witteberg 
Series,  are  sometimes  grouped  together  as  the  Cape  Formation.  The 
thickness  cannot  bo  estimated,  but  the  three  gnnips  form  a 
conformal)le  series  of  (piartzites,  sandstones,  and  shales,  several 
thousand  feet  thick. 

I^he  Dwyka  Series  and  Ecca  Beds  are  described  as  conformable 
to  the  Witteberg  Group.  This  is  an  important  result,  as  the  Dwyka 
has  been  generally  described  as  unconformable  to  the  Witteberg 
Grouj).  Considerable  interest  is  also  attached  to  the  discovery  by 
the  Commission  of  strata  of  Dwyka  and  Ecca  age  around  W^orcester, 
to  the  south  of  the  Worcester- Robertson  fault,  showing  the  further 
extension  southwards  of  these  beds  than  was  hitherto  expected.  The 
j>resence  of  Gnrigamoptevis  in  the  beds  at  Worcester  places  this 
(liBCovery  beyond  dispute. 
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Some  interestiDg  facts,  thro  wing  light  on  the  origin  of  the 
Dwyka,  have  been  obtained  by  the  Commission.  The  most  important 
is  the  discovery  of  undoubted  scratched  stones,  resembling  true 
glaciated  pebbles ;  a  large  boulder  of  granite,  10  feet  by  8  feet  in 
section,  was  found  lying  in  the  Dwyka  in  the  poort,  where  the 
Witteberg  Biver  outs  across  the  Dwyka  ridge,  south  of  Lainsberg. 
The  pebbles  consist  of  several  varieties  of  granite,  several  kinds  of 
more  basic  igneous  rocks,  sandstones,  quartzites,  argillaceous  and 
calcareous  rocks,  and  vein  quartz,  lliere  are  distinct  l)edding  planes 
in  the  rock,  and  the  bedding  is  everywhere  conformable  to  that  of 
the  quartzites  of  the  underlying  Witteberg  Group. 

Extensive  superficial  deposits,  probably  in  most  cases  of  recent 
origin,  are  mapped  in  several  localities.  The  most  interesting  of 
these  are  the  sand  dunes  on  the  shores  of  False  and  Table  Bays  and 
over  large  areas  in  the  Malmesbury  district  In  some  places  the 
entire  mass  of  the  dunes  has  been  converted  into  a  more  or  less 
compact  sandstone  or  limestone,  that  at  Saldanha  Bay  being  quarried 
as  a  building  stone.  These  deposits  have  sometimes  been  taken  as 
of  Tertiary  age,  but  the  occurrence  in  them  of  recent  shells,  often  of 
terrestrial  genera  mingled  with  bones  of  rhinoceros,  elephant,  etc., 
points  to  their  recent  origin.  Waloot  Gibson. 
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III. — The  Water  Supply  of  Sussex  from  Underoround  Sources* 
By  William  Whitakbr,  F.R.S.,  and  Clement  Reid,  F.L.S., 
F.G.S.  8vo;  pp.  iv,  123.  (London :  printed  for  H.M.  Stationery 
Office,  1899.     Price  3s.) 

MB.  WHITAEER,  more  than  any  other  member  of  the  Geolog^ical 
Survey,  devoted  attention  during  his  long  official  career  to  the 
important  applications  of  geology  to  questions  of  water  supply. 
Now  that  he  has  retired  from  the  Survey  he  has  been  good  enough 
(as  the  Director- General  points  out)  to  assist  Mr.  Reid  in  arranging 
the  numerous  records  of  well-sections,  which  form  the  bulk  of  the 
present  Memoir.  The  work,  in  fact,  contains  all  information  which 
could  be  obtained  concerning  the  well-sinkings  and  borings  in 
Sussex,  with  analyses  of  many  of  the  waters,  and  a  brief  intro- 
ductory account  of  the  geological  formations  met  with  in  the  county. 
It  cannot  fail  to  be  of  great  practical  value. 


Dbsceiftive  Monograph  of  the  Ammonite  qenub  Perispuinctes. 

IV.  —  Monoqraphisohb  Besghreibunq  der  Ammonitenqattung 
Perisphinotes.  By  Dr.  Jos.  von  Siemiradzki.  Palseonto- 
graphica,  Bd.  xlv  (1899),  pp.  69-352,  pis.  xx-xxvii. 

f  I'^HE  Ammonite  genus  Ferisphinctes,  founded  by  Waagen  in  1869 
JL  as  a  subgenus  of  Stephanocet-aSf  and  shortly  afterwards  raised 
to  generic  rank  by  Neumayr,  Zittel,  and  Waagen  himself,  has  now 
become  so  large  that  any  attempt  to  classify  the  forms  which  have 
been  included  in  it  is  not  only  a  difiScult  task,  bvxt  q\\\a\\^  ^  n^sX 
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amount  of  labour  and  research.  For  the  present  monograph  of  this 
very  extensive  genus  the  author  therefore  deserves  onr  best  thanks. 
He  tells  us  that  in  its  preparation  he  has  consulted  128  separate 
publications  in  German,  French.  English,  Italian,  Spanish,  Polish, 
and  Russian  ;  and  that  besides  his  own  collection,  which  contains 
several  hundred  examples  of  the  genus,  he  has  examined  the  col- 
lections of  several  private  individuals,  as  well  as  those  of  various 
Continental  museums.  In  some  cases  in  which  the  author  was 
unable  to  see  the  type-specimens  he  obtained  plaster  casts  of  them, 
in  order  to  gain  a  correct  idea  of  the  species.  One  great  difficulty  in 
dealing  with  this  genus  is  caused  by  the  very  vague  manner  in 
which  Reveral  specific  names,  such  as  hipleXf  pUcatiHs,  polyplocua,  axn\ 
polygyrniv9,  have  been  used,  due  in  some  cases  to  the  inadequate 
description  or  figure  of  the  type-specimen.  Tlie  author  concludes  that 
a  precipe  limitation  of  the  genus  from  allied  genera  is  not  possible,  and 
that  its  limits  must  be  drawn  somewhat  artificially.  Ilie  authordevotes 
a  short  but  interesting  chapter  to  the  morphology  of  the  shell,  and 
then  proceeds  to  the  classification  of  the  genus,  in  which  he  recognizes 
about  367  species,  only  a  few  of  which  are  new.  His  investigations 
lead  him  to  divide  the  genus  into  six  sections,  which  he  groups  into 
five  subgenera,  thus :  —  I,  Orosaouvria,  n.  subgen.  (including  II, 
IHpUces,  Sutner) ;  III,  Ataxioceran,  Fontannes ;  IV,  FerisphineieB, 
s.  str.  ;  V,  Frocerties,  n.  subgen.  ;  and  VI,  Choffaiia,  n.  subgen. 
ITiese  are  divided  into  *  Mutationsreihe,'  or  developmental  senes,  and 
thepo  again  into  *  Formenreihe,'  or  groups  of  contemporaneous  species. 
The  author  gives  a  description  of  each  species,  lateral  views  of  the 
new  forms  and  of  some  others  are  given  on  the  eight  photographic 
plates  accompanying  the  work,  an  outline  of  the  transverse  section 
of  the  whorl  and  a  drawing  of  the  suture-line  of  many  of  the  species 
being  given  in  the  illustrations  which  are  included  in  the  text. 
There  is  an  index  to  the  work,  but  this  appears  to  be  somewhat 
incomplete.  G.  C.  C. 


Geological  Society  of  London. 

I.— May  10,  1899.— W.  Whitaker,  B.A.,  F.E.S.,  President  in  the 
Chair.     The  following  communications  were  read  : — 

1.    "  The   Geology   of  the   Davos   District."      By   A.   Vaughan 
Jennings,  Esq.,  F.L.S.,  F.G.S. 

Alpine  geology  has  attracted  many  workers  since  the  date  of 
Professor  Theobald's  classic  memoir  on  the  district  of  which  Davos 
forms  part,  and  new  principles  of  interpretation  have  been 
established.  The  author  has  more  especially  studied  (a)  the  age  of 
certain  rocks  formerly  classed  as  *  Biindner  Schiefer,'  but  distinct 
from  the  grey  shales  variously  regarded  as  of  Jurassic  or  Tertiary 
age;  (h)  the  origin  and  date  of  the  serpentine  near  the  Davoser 
See ;  and  (c)  the  tectonic  bItwcIvit^  ol  \.\i^  dUtvict     The  following 
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rook-groups  oooiir  in  the  neighbourhood  treated  of: — (1)  GneisAes 
and  orystalline  sohisti  more  ancient  than  any  of  the  others ;  (2)  the 
CSassana  Schiefer,  a  name  applied  to  a  variable  group  of  rocks, 
i^^^giQg  from  true  schists  to  dark  shaly  rooks,  apparently  less 
crystalline  and  more  recent  than  the  above-named,  but  older  than 
(3)  the  Verrucano,  a  conglomerate  or  grit  with  occasional  mud- 
stones,  sometimes  associated  with  a  quartz-porphyry,  the  last 
representing  the  well-known  rock  in  the  Botzen  district ;  (4)  the 
'  Mittelbildung '  of  Theobald,  strata  intermediate  between  the 
Yerrucano  and  the  Haupt-Dolomit,  very  variable  in  lithological 
character,  in  which  sometimes  the  Arlberg  Ealk  and  Yirgloria 
Kalk  can  be  identified,  and  typical  rauchwacke,  which  occurs  at 
two  levels.  Above  this  comes  (5)  Haupt-Dolomit  of  the  usual 
character,  followed  in  places  by  beds  (6)  of  Bbadtic  age.  Of  more 
local  occurrence  are  (i)  serpentine,  a  large  mountainous  mass  on 
the  western  side  of  the  Davoser  See,  with  a  narrow  extension  north- 
ward and  southward  for  a  considerable  distance;  (ii)  red  and  green 
schistose  rocks ;  (iii)  radiolarian  chert ;  (iv)  breccias ;  (v)  the  so- 
oalled  talc-granite;  and  (vi)  diabase,  among  which,  at  Arosa,  is  a 
variolite.  The  schistose  rucks  (ii)  are  common  in  the  neighbourhood 
of  the  East  Alpine  serpentines,  and  in  this  region  the  latter  rock 
passes  down  on  the  western  side  into  ophicalcites,  which  are 
followed  by  a  confused  mass  of  layers  of  serpentine  alternating 
with  reddish  calcareous  or  argillaceous  bands.  These  the  author 
considers  to  indicate  a  physical  condition  rather  than  a  geological 
horizon.  With  the  red  and  green  Hchistose  rocks,  which  he  refers 
to  the  Mittelbildung,  radiolarian  cherts  are  associated.  These  have 
been  exainine<l  by  Dr.  G.  J.  Hinde,  who  states  that  the  radiolaria 
are  not  sufficiently  well  preserved  for  specific  identification,  but 
have  rather  a  Jurnnsic  facies,  though  they  also  resemble  radiolaria, 
described  by  Professor  Parona  from  Cesara,  which  that  author 
r^^rds  as  at  any  rate  not  newer  than  Lower  Trias. 

The  author  discusses  at  length  the  physical  structure  of  the 
district  The  general  trend  of  the  Davos  Valley  is  rather  oblique 
to  that  of  the  greater  rock-masses,  which,  however,  is  somewhat 
irregular.  He  shows  that  these  (which  have  a  general  dip  towards 
the  south  and  east)  form  three  great  acute  and  rudely  parallel  over- 
folds,  the  westernmost  being  the  most  complicated  ;  of  this  fold  the 
serpentine  forms  a  part.  It  is  more  recent  than  the  crystalline 
schists  and  the  Casanna  Schiefer,  and  is  associated  with  the  red  and 
green  schistose  rocks  already  mentioned,  in  a  way  which  he 
considers  indicative  of  intrusion;  but  it  nowhere  cuts  the  Haupt- 
Dolomit.  Accordingly  he  considers  it  to  be  later  than  the 
Yerrucano,  and  not  earlier  than  the  middle  part  of  the  Trias. 
Certain  crystalline  breccias  occur  in  the  neighbourhood  of  the 
serpentines ;  these  the  author  considers  to  be  due  to  earth -movement, 
and  he  goes  on  to  give  reasons  for  regarding  them  as  the  equivalent 
of  the  Casanna  Schiefer  of  other  localities.  There  is,  in  his  opinion, 
no  evidence  of  the  presence  of  post-Jurassic  strata  such  as  Professor 
Steinmann  believes  to  exist. 
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2.  "  Contributions  to  the  Geological  Study  of  Oounty  Waterford. 
Fart  I,  §  1 :  The  Lower  Palasozoic  Bedded  Books  of  the  Coast'' 
By  F.  R.  Cowper  Reed,  Esq.,  M.A.,  F.G.S. 

This  paper  opens  with  an  account  of  the  previous  publications  on 
the  geology  of  the  district,  and  then  goes  on  to  describe  the  seotioni 
exposed  along  the  coast  at  the  following  localities : — Raheen  and 
Newtown  Head,  Tramore  Bay,  Garrarus  and  Kilfarrasy,  Annestown 
and  Dunabrattin,  Enockmahon,  Ballydouane  Bay,  and  EiUelton 
Cove  to  Bally  voyle.  These  sections  expose  shales  and  liinestonei 
with  abundance  of  igneous  rocks  partly  interbedded,  but  mainly 
intrusive ;  and  the  author  is  able  to  make  the  following  saooessioD  of 
rocks,  tabulated  in  descending  order  : — 

4.  Raheen  Series.    Mudstones,  slates,  felsites  and  tuffs,  and  fosriliferous  shales. 
3.  Carrig^ghalia  Series.    Graptolitic  shales,  thin  flags,  cherts,  toffs,  and  feldtei. 
2.  Tramore  Limestone  Series.     Divided  into  three  stages. 
1.  Tramore  Slates.     Calcareous  and  argillaceous  slates. 

Nos.  3  and  4  are  represented  by  barren  limestones  at  Dunabrattin, 
and  1,  2,  and  3  by  felsites  and  tuffis  at  Newtown  Head. 

The  palasontological  portion  of  the  paper  gives  the  previoasly 
published  lists  of  fossils,  including  those  recorded  by  McCoy  in  bis 
''  Synopsis."  The  author  has  examined  and  re-identified  all  McCoy's 
specimens.  A  further  list  gives  the  peculiar  species  hitherto  found 
in  the  British  Islands  only  in  Waterford.  The  chief  species  are 
then  dealt  with  in  detail :  a  number  of  new  species  of  trilobites  and 
brachiopoda,  and  one  new  genus  of  trilobites,  being  described. 

Petrological  notes  of  the  interbedded  igneous  rocks  are  next 
given.  These  are  lavas  and  tuffs,  all  acid  in  composition  and 
possessing  from  75  to  78  per  cent,  of  silica.  The  groundmass  is 
geneniUy  cry ptocrystal lino,  but  apherulitic,  granoph3'ric,  nodular, 
perlitic,  and  fluxion  structures  are  common.  Phenocrysts  do  not 
appear  to  be  common  ;  plagioclase-felspar  predominates  over  quartz, 
and  that  over  orthoclase,  but  felspar-microlites  are  of  frequent 
occurrence. 

The  author  has  previously  compared  the  Tramore  Limestones 
with  the  Balcletchie  Shales  of  Scotland ;  but  he  now  considers  that 
they  mainly  represent,  beds  on  a  lower  horizon,  as  they  are  overlain 
by  rocks  «lisplaying  a  Glenkiln  facies.  The  fauna  of  the  Limestones 
themselves  presents  so  peculiar  a  facies  that  they  have  often  been 
considered  to  be  of  Bala  age.  Although  the  graptolites  of  the 
Carrigaghalia  Series  correspond  with  those  of  the  DtcranograptuS' 
shales  of  South  Wales,  the  underlying  (Tramore)  limestone  has  not 
the  fauna  of  the  Llandeilo  Limestone,  but  corresponds  more  nearly 
with  tlie  Or//*ocera«-limestone  of  Sweden.  Tlie  characteristic  genera 
Pornmbonitps,  Amphiony  Echinofiphara,  and  Glyplocystts  are  common 
to  the  Tramore  Limestone,  the  Or/Aoccrrt«-limestone,  and  the 
corresponding  Echinospherite  Limestone  and  *  Vaginatenkalk  *  of 
Kussia,  while  there  is  also  a  likeness  in  the  abundance  of 
Ptevt//jometo}nifi  in  Kussia  and  Waterford.  A  list  of  common  and 
allied  or  representntive  species  is  given  in  the  paper.  Stage  I  of 
tbe  Tiainorti  Limestone  mi\y  \u(iVv\d^  beds  as  low  as  or  lower  than 
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the  Megalaspis  gigas  zone=:B,  Yaginatenkalk  of  Bassia;  Stage  2 
may  especially  be  compared  with  the  Euhinospherite  Limestone; 
and  Stage  3  probably  partly  represents  the  upper  part  of  this 
Limestone  and  the  lower  part  of  the  overlying  Euckers  Shales  C|. 
The  DidymograpiuS'BhAleB  have  not  yet  been  Identified,  though  it  is 
just  possible  that  the  Tramore  Slates  may  represent  them. 

The  Baheen  Shales  of  Newtown  Head  contain  Orthia  argentea  in 
abundance,  and  may  be  compared  with  the  0.  argentea  zone,  which 
in  South  Wales  comes  above  the  Dicrano^ra^/eM-shales.  But  these 
beds  also  contain  species  peculiar  to  Uiem,  and  others  with  a 
Scandinavian  or  Hussian  affinity ;  and  the  shales  may  be  compared 
with  the  upper  part  of  TuUberg's  Series  E  of  the  Middle  Qraptolite 
Shales.  The  occurrence  of  this  East  European  Lower  Ordovician 
fauna  in  the  western  part  of  the  British  Isles  is  of  great  interest 
-with  reference  to  questions  of  ancient  bio-geographical  provinces; 
and  it  seems  to  require  that  the  coastline  along  which  this  littoral 
fauna  flourished  stretched  round  from  Scandinavia  so  as  to  approach 
the  south-eastern  comer  of  Ireland,  while  deeper* water  conditions 
coexisted  in  Wales  and  England.  Volcanic  activity  began  about 
the  period  of  the  accumulation  of  the  Dicrano^rap^ua-shales  near 
Tramore,  and  possibly  earlier  at  Baheen,  where  it  also  continued  till 
after  the  Orthis  argentea  beds  had  been  deposited. 


II.— May  24,  1899.— W.  Whitaker,  B.A.,  F.B.S.,  President, 

in  the  Chair. 

The  President  called  attention  to  the  issue  of  vol.  iii  of  Hutton's 
**  Theory  of  the  Earth,"  and  said  that  the  thanks  of  the  Fellows 
were  due  to  Sir  A.  Geikie  for  having  edited  and  annotated  most 
carefully  this  work.  The  volume  was  printed  from  a  previously 
unpublished  manuscript  which  had  been  for  many  years  in  the 
possession  of  the  Society  :  its  contents  were  extremely  interesting, 
and  it  supplemented  the  previous  volumes  by  the  inclusion  of  an 
index  to  the  whole  of  the  work,  prepared  by  Sir  A.  Geikie. 

Professor  Seeley  exhibited  a  cast  from  a  footprint  obtained  by 
Mr.  H.  C.  Beasley  from  the  Trias  at  Stourton.  The  impression  is 
about  1^  inch  long,  and  nearly  as  wide.  The  cast  has  been  treated 
by  oblique  illumination,  so  as  to  display  its  osteological  structure  by 
means  of  the  shadows  thus  thrown.  All  the  claws  are  directed 
outward,  as  in  a  burrowing  animal.  The  form  of  the  foot  resembles 
that  of  a  monotreme  mammal  rather  than  that  of  any  existing  reptile. 
There  appears  to  be  a  slender  pre-pollex  including  three  bones.  The 
only  other  example  of  this  structure  in  the  Trias  is  in  the  Theriodout 
reptile  TJieriodeBtnuSt  in  which  it  is  less  definite.  Tliis  character 
may  add  to  the  interest  of  other  footprints  from  Stourton,  which  in 
the  form  of  the  foot  approximate  to  Auomodont  reptiles  from  the 
Karoo  Beds  of  Cape  Colony. 

The  following  communications  were  read : — 
1.  "On    the    Distal    End    of    a     Mammalian    Humerus     from 
Tonbridge."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.8. 
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llie  bone  described  in  this  communication  was  foand  in  1898  bj 
Mr.  Anderson  on  the  bank  of  the  River  Med  way,  near  Ton  bridge. 
It  was  seen  projecting  from  reconstructed  rock  which  contained 
fraf^ments  of  flints  am(mg  other  matenals.  Traces  of  matrix  at  the 
distal  end  show  that  the  speciuien  has  been  derived  from  quartz- 
sand  bound  together  with  liinonite,  snch  as  might  occur  in  the 
Hastings  Sand,  Wealden  Clay,  or  Lower  Greensand.  Conditiont  of 
mineral  structure  and  osteological  character  incline  the  author 
to  believe  that  the  bone  was  originally  contained  in  the  Wealden 
Clay.  The  fossil  is  4  inches  long,  and  indicates  a  humerus  which 
may  have  been  6  inches  in  length  when  perfect,  as  large  as  that  of 
a  wolf  but  smaller  than  that  of  a  bloodhound.  The  form  of  the 
shaft  precludes  any  comparison  with  the  carnivora,  and  indicates  a 
resemblance  to  ungulate  types.  When  the  bone  is  held  vertically 
and  seen  from  the  front,  the  condyles  are  oblique — a  character  not 
observed  in  any  other  animal.  The  weight  of  evidence  appears  to 
incline  towards  reference  of  the  fossil  to  the  Artiodactyla,  but  it 
probably  indicates  a  new  famil}*  type. 

2.  "  On  Evidence  of  a  Bird  from  the  Wealden  Beds  of  Ansty 
Lane,  near  Cuokfield."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

A  fragment  of  bone  found,  by  Mr.  Neville  Jones,  a  member  of  the 
London  Geological  Field  Class,  embedded  in  sandstone  was  identified 
by  the  author  as  probably  the  distal  end  of  the  femur  of  a  bird. 
The  external  condyle  is  not  only  larger  and  deeper  than  the  inner, 
but  is  more  prolonged  distally— perhaps  the  most  distinctive  avian 
character  of  the  bone.  Colymbits  is  the  only  existing  bird  to  which 
the  fossil  makes  any  approximation,  hut  the  resemblance  is  distant 
and  not  sntrgestive  of  near  oflSnity,  and  it  is  interesting  that  the 
Cretaceous  birds  show  so  marked  an  affinity  witli  that  typo.  The 
resemblances  of  the  Dinosauriau  and  Crocodilian  femora  with  this 
type  are  such  that  almost  every  individual  feature  of  the  bone  can 
be  parallele*!  in  some  fossil  referable  to  these  groups,  but  there 
are  no  British  dinosaurs  of  so  small  a  size  or  possessing  some  of 
the  marked  features  sliown  by  this  bono. 

3.  "  Notes  on  the  Khyolites  of  the  Hauraki  Goldfields  (New 
Zealand)."  By  James  Park,  Esq..  F.G.S.,  and  Frank  Rutley,  Esq., 
F.G.S. ;  with  Analyses  by  Philip  Holland,  Esq.,  F.LC,  F.C.S. 

Part  i  of  this  paper,  by  Mr.  J.  Park,  gives  a  description  of  the 
rhvolites  as  seen  in  the  field.  After  a  rest  from  volcanic  action 
during  the  Secondary  Period,  the  Tertiary  eruptions  burst  forth 
and  were  more  widespread  than  those  of  I'ecent  times.  In  the 
Hauraki  Peninsula  the  basement  Palajozoic  rocks  are  covered  by 
richly  fossiliferous  marly  clays  and  limestone  of  Lower  Eocene  age, 
and  these  bv  a  vast  accumulation  of  andesitic  lavas  and  tuffs, 
in  places  3,000  feet  thick.  These  andesites  are  the  gold-bearing 
rocks  of  the  district,  and  they  are  succeeded  by  rhyolitic  lavas  and 
ashes.  Both  andesites  and  rhvolites  were  influenced  by  solfataric 
action,  resulting  in  siliceous  deposits  rich  in  gold  and  silver.  The 
rhy elites  rest  on   rocks  probabV^  of  U^^er  Miocene  age,  and  are 
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followed  by  Pleistooene  ami  recent  deposits ;  bo  that  they  probably 
range  from  older  to  newer  Pliocene  in  date. 

Part  ii  contains  the  observations  of  Mr.  Rutley  on  the  petrology 
of  the  rhyolites.  The  rocks  present  occasional  occurrences  of 
perlicity,  and  the  lithoidal  types  sometimes  owe  their  characters  to 
subsequent  devitrification,  sometimes  to  the  effect  of  cooling  on  or 
immediately  after  eruption.  Keheating  has  at  times  reduced  the 
felspars  to  the  condition  of  felspar- glass.  Although  plagioclase- 
felspar  is  common,  the  analyses  indicate  that  the  series  must  be 
retainerl  with  the  rhyolites,  it  being  quite  possible  that  some  of 
thesA  minerals  may  have  been  derivetl  from  the  andesites.  In  the 
rooks  of  Omahu,  branching  spherulites  of  mici*ofelsitic  material 
are  described  in  detail,  the  iniurofelHitic  substance  being  an 
imperfectly  devitrified  glatts  of  fibrouH  as(>ect,  the  fibres  having  an 
imprrfeotly  margaritiu  or  longnlitio  oliaracter.  Among  the  fibres 
often  lie  filmy  scales  which  niny  possibly  be  tridymite.  The  term 
niicrofelsite  is  considered  worthy  of  retention,  as  it  denotes 
a  phase  of  devitrification  not  adequately  expressed  by  any  other 
name :  '*  while  its  abandonment  wuuld  )>roduce  a  gap  which  could 
only  be  bridged  by  much  circumlocution.*' 

4.  "On  the  Progressive  Metamorphism  of  some  Dalradian 
Se<1iments  in  the  region  of  Loch  Awe."  By  J.  B.  Hill.  Esq.,  R.N. 
(CJommunicated  by  Sir  A.  Geikie,  D.Sc,  LL.D.,  F.R.S.,  F.G.S.) 

The  region  under  discuKsion  contains  two  principal  series  of 
rocks,  passing  one  info  another  without  a  break,  and  conveniently 
referred  to  the  Dalradian  System:  —  (1)  Tlie  Ardritthaig  Series 
(phyllites  and  fine-grained  quartzites).  (2)  The  Loch  Awe  Series 
(black  slates,  limestones,  grits,  and  quartzites).  The  latter  series  lies 
in  a  gentle  trough  of  the  former.  Even  in  their  most  altered  state, 
the  clastic  nature  of  the  rocks  of  the  Loch  Awe  Series  is  apparent 
Both  Series  are  pierced  by  innumerable  intrusive  sills  of  epidiorite, 
bomblende-schist,  and  chlorite-schist,  modified  diorites  and  gabbros, 
which  effect  contact-metamorphism  in  the  bordering  sediments. 
Intrusive  rocks  of  post- schistose  date  also  occur,  like  the  Glenfyn 
granite,  the  granite  of  Ben  Cruachan,  and  smaller  masses  of 
granite,  monzoiiite,  hyperite,  ultrabasic  rocks,  quartz-porphyries, 
felspar- porphyries,  porphyrites,  and  lamprophyres ;  these  are  in 
their  turn  cut  by  dolerite  and  basalt-dykes.  All  these  rocks 
exhibit  progressive  metamorphism  when  traced  towards  the  north- 
east and  towards  the  Central  Highlands,  a  character  best  seen 
in  the  loop  formed  by  the  rocks  near  the  head  of  Loch  Awe.  The 
Ardrishaig  phyllites,  almost  clay-slates,  pass  into  mica-schists  of 
the  normal  Central  Highland  types,  llie  Loch  Awe  limestones 
become  epidotic,  and  contain  biotite,  garnet,  and  actinolite,  the 
crystals  of  the  last  mineral  being  sometimes  1  inch  long.  The 
black  slates  acquire  garnets  and  actinolite.  The  grits  and 
qoartzites  become  granulitic,  and  pass  into  gneissose  rocks  with 
black  and  white  mica,  garnets,  actinolite,  tourmaline,  epidote,  and 
red  felspar;    they  pass  into  the  quartzites,  gueU^o^^  ^^^%\j^xi^*^<) 
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and  biotite-gneisses  of  the  Central  Highlands,  without  anywhere 
reverting  to  the  approximately  unaltered  condition  which  they 
exhibit  to  the  Bouth-west.  The  sills  become  granulitised  and 
partly  recrystallized,  with  biotite  and  garnets. 

These  rocks,  which  occur  on  the  strike  of  the  Central  Highland 
schists,  are  linked  with  the  latter  by  the  persistence  of  the  Lodi 
Awe  rock-types,  including  the  boulder-bed,  which  is  regarded  ai 
having  a  definite  stratigraphical  position.  It  is  true  that  when 
traced  along  the  strike  the  metamorphisra  increases  rapidly  towardi 
such  granite-masses  as  that  of  Ben  Cruachan,  but  the  same  type  of 
metaniorphism  continues  into  the  Central  Highlands,  and  into 
regions  so  remote  from  the  granite  that  the  author  is  driven  to 
believe  that  "  without  the  presence  of  the  Cruachan  granite  the 
increasing  metaniorphism,  though  possibly  more  gradual,  where 
that  granite  now  occurs,  would  have  been  equally  apparent" 
Evidence  of  metamorphism  when  the  rocks  are  traced  acroaa  their 
strike  is  also  adduced. 

Although  the  author  does  not  go  very  fully  into  the  question  of 
the  causes  of  the  progressive  metamorphism  exhibited  in  tracing 
these  rocks  towards  and  into  the  Central  Highland  schists,  he  had 
reason  to  suspect  that  "  the  intense  regional  type  of  metamoi'phism 
was  linked  with  the  same  phenomena  that  afterwards  resulted  in 
the  irruption  of  the  granite-masses." 


111.— June  7,  1899.— W.  Wbitaker,  B.A.,  F.R.S.,  President, 

in  the  Chair. 

Mr.  F.  A.  Bather,  in  exhibiting,  on  behalf  of  Mr.  R.  D.  Darbishire, 
a  ])ebble  found  in  gravel  near  8t.  Margaret's,  Bowdon  (Cheshire), 
said  that  it  consisted  of  liver-coloured  quartzite,  and  no  doubt  once 
formed  part  of  the  Bunter  Pebble-beds,  though  these  do  not  occur  in 
the  immediate  neighbourhood  of  Bowdon.  It  had  been  reported  to 
Mr.  Darbishire  as  found  in  river-gravel ;  but  reference  to  Sheet 
80  N.E.  of  the  Geological  Survey  map  (I  in.  Drift)  showed  that  the 
depo^iit  was  Drift  of  alleged  glacial  origin.  The  specimen  was  an 
exceedingly  perfect  and  characteristic  example  of  the  pyramid- 
pebbles  or  '  Droikauter,*  snob  as  are  found  in  the  *  Diluvium  '  of  the 
North  German  plain,  and  in  other  parts  of  the  world  from  the 
Cambrian  to  rocks  now  forming,  but  hitherto  not  recorded  from 
England.  These  have  been  explained  as  duo  to  :  (1)  human  agency, 
(2)  glacial  action  (Theile),  (3)  compression  in  a  pebble-bed 
(*  Packungtstheorie  *  of  Berendt),  and  (4)  action  of  wind  and  sand. 
The  last  explanation  was  the  only  one  that  n»et  the  facts  of  the  case, 
as  proved  by  A.  von  Mickwitz  (Mem.  Soo.  Imp.  Mineral.  St.  Petersb., 
ser.  ii,  vol.  xxii,  pp.  82-98,  pis.  viii,  ix,  1887). 

In    iihistvation    of  his  remarks,    Mr.   Bather   exhibited    a    series 

of   specimens    which    had    been    collected    under    the   guidance   of 

M.  Mickwitz    from   the  locality  described    by    that   author   <in    the 

hhore  of  the  Obersee,  south  of  Keval,  Esthonia.     They  confirmed  the 

stiiteiimui  that  tlie  three  au\es  ot*  live  \)Yramids  lay  at  right  angles 
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to  the  directions  of  the  prevailing  winds  of  the  district ;  they  showed 
stages  between  stones  eroded  on  one  face,  or  on  two  faces,  and  the 
typical  'Dreikanter' ;  they  illustrated  the  polishing  action  of  the 
agent  on  hard,  fine-grained  material,  its  differentiating  action  on 
coarse-grained  ;  they  retained  the  original  water- worn  surface  and 
shape  on  the  under  side,  and  a  growth  of  lichen  on  such  small 
portions  of  the  upper  surface  as  had  been  sheltered  from  the  wind. 
Applying  this  explanation  to  Mr.  Darbishire's  specimen,  there  still 
remained  an  unsolved  problem:  Was  the  pebble  eroded  before  or 
during  the  deposition  of  the  Runter  stratum,  or  at  some  time 
before,  during,  or  subsequent  to  the  transport  and  deposition  of  the 
Drift?  The  mode  of  occurrence  of  the  North  German  specimens 
shows  that  they  were  eroded  after  the  deposition  of  the  beds  at 
the  top  of  which  they  now  lie  ;  and,  in  the  absence  of  contrary 
evidence,  the  same  answer  must  be  given  provisionally  to  the 
preceding  questions. 

The  following  communications  were  read  : — 

1.  "  On  the  Geology  of  Northern  Anglesey."  By  C.  A.  Matley, 
Esq.,  B.Sc.,  F.G.S. ;  with  an  Appendix  on  the  Microscopic  Study  of 
some  of  the  Hocks,  by  Professor  W.  W.  Watts,  M.A.,  Sec.  G.S. 

The  strata  which  occupy  the  norlhern  part  of  Anglesey  have  been 
the  subject  of  much  controversy,  some  geologists  considering  them 
(with  the  exception  of  a  few  patches  in  the  extreme  north)  to  be 
pre-Cambrian,  while  otliers  maintain  that  they  are  of  Bala  age,  and 
that  they  are  an  upward  continuation  of  the  black  slates  that  every- 
where appear  to  underlie  them  to  the  south. 

The  author  attacks  this  problem  from  its  palzeontological  as  well 
as  its  stratigraphical  side.  He  divides  the  rocks  into  three  groups, 
namely  :  (1)  the  *  green  series,'  which  forms  the  floor  of  the  greater 
part  of  the  area ;  (2)  the  *  northern  <x)mplex,'  occupying  a  tract 
along  the  northern  coast  and  including  in  it  (3)  Konie  undoubted 
Onlovician  strata.  He  adduces  pal  aeon  tological  evidence  that  the 
Ordovician  rocks  lying  in  the  northern  complex  are  mainly,  if  not 
wholly,  of  Llandeilo  age,  while  the  black  slates  of  Central  Anglesey 
appear  to  range  into  Llandovery.  The  field-evidence  shows 
inter  alia  that  the  asserted  iiiterstratifications  of  the  Green  Series 
and  the  southern  Ordovician  are  the  deceptive  results  of  thrust- 
planes  which  have  driven  the  barren  green  rocks  over  the 
Ordovician  beds,  the  latter  being  in  other  places  made  up  of 
fragments  derived  both  from  the  Green  Series  and  from  the  rocks 
of  the  northern  complex. 

The  contortion,  overfolding,  cleavage,  dislocation,  and  disruption 
which  the  rocks  have  undergone  are  next  described.  Disruption 
is  traced  from  its  early  stages  into  *  crush  conglomerates.*  Some 
of  the  disrupted  rocks  are  Ordovician,  and  traces  of  ancient  dykes 
have  been  found  rent  to  pieces  by  the  movement,  whicli  is  stated 
to  be  post-Ordovician  and  pre-Carboniferous.  The  detached  masses 
of  limestone  and  the  isolated  '  quartz-knobs '  of  the  northern 
complex  are  considered  to  be  portions  of  strata  w\uQ\i\i«wNft  «v\Sft\^^ 
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(liBruptioti  in  the  same  way  as  the  thinner  hard  bande  in  the 
oruHh-zouefi. 

The  author  contents  himself  with  a  general  aoooant  of  tlie 
Ordovician  rooks  near  Ceniiuaes  and  Forth  Wen.  He  inol tides 
among  them  a  purple  conglomerate  and  the  Orthis  Bailyana  beds. 
Though  muoh  inclined  to  the  opinion  that  the  green  strata  and  the 
northern  complex  are  pre-Cauibriau,  he  admits  the  possibility  of 
their  being  of  any  age  up  to  and  including  the  Arenig. 

The  AppoTidix  contains  notes  on  some  of  the  rocks  from  the 
Green  Series  and  the  Ordovician  System,  the  quartzites,  and  the 
cru8h-congIomerates. 

2.  '*0n  an  Intrusion  of  Qranite  into  Diabase  at  Sorel  Point 
(Nortliern  Jersey)."     By  Jolin  Parkinson,  Esq.,  F.G.S. 

In  the  early  pages  the  general  character  of  this  intrusion  is 
described.  From  a  consideration  of  tlie  field-evidence  the  author 
conchides  that  only  the  earlier  injections  of  the  intruding  granite 
did  the  work  of  melting  and  absorption ;  that  a  latter  injection, 
probaldy  with  no  pause,  succeeded,  taking  the  same  direction  as 
that  followed  by  the  first,  and  carried  forward  with  it  this  earlier 
granite,  now  rendered  basic  through  tlie  more  or  less  complete 
absorption  of  diabase  fragments.  There  has  l>een  no  diffusion  of 
the  basic  material  thus  acquired  through  this  second  granite.  It 
is  pointed  out  that  this  explains  the  intermingling  and  interstreaking 
of  the  two  varieties  of  granite  seen  on  the  coast ;  the  one  porphyritio 
and  crowded  with  fragments,  the  other  non-porphyritic  and  devoid 
of  fragments. 

Following  this  general  introduclion.  the  characters  of  the  granite 
are  described  in  some  detail  ;  then  those  of  the  diabase,  formerly 
an  opiiitic  dolerite.  Details  of  structure  of  the  granite  in  which 
absorbed  basic  material  is  present,  and  of  the  diabase  into  which 
acid  material  has  permeated,  are  dealt  with  :  particular  attention 
being  directed  to  the  great  alteration  which  the  diabase  has  under- 
gone;  this  has  frequently  amounted  to  a  total  reconstitution.  In 
this  connection  are  noticed  the  prevalence  of  biotite  as  a  product  of 
such  mixing  and  reconstitution  when  acid  material  is  present  in 
(juanti  ty,  and  the  almt)st  entire  absence  of  augite  under  similar 
eireumstances.  In  rtJcks  of  heterogeneous  origin  into  which  the 
diabase  has  largely  entered,  similar  features  are  described :  the 
presence  of  nests  and  veins  of  acid  minerals,  the  entire  loss  of 
ophitic  structure,  the  frequent  occurrence  of  much  quartz,  and  the 
presence  of  a  mineral  believed  to  be  sillimanite.  The  corrosion  and 
reconstitution  of  the  acid  felspars  under  some  circumstances  are 
figured  and  described ;  the  early  stages  of  such  alterations  are 
touched  upon,  and  a  table  is  given  showing  the  gradual  increase  in 
specific  gravity  with  increase  of  absorbed  material. 

In  conclusion,  points  of  resemblance  and  of  difference  are  noted 
between  this  district  and  others ;  and  an  interesting  slide  from 
Alderney  is  described,  showing  the  probable  extension  of  such  rocks 
in  other  directions. 
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THE    RIVER    OF    THE    BALTIC. 

Sib, — In  referenoe  to  Professor  Bonney's  letter  in  the  Geolooioal 
Magazine  for  this  month,  will  you  allow  me  to  say  that  some  light 
on  the  origin  of  the  remarkable  channel  which  follows  the  southern 
coast  of  Norway  seems  to  l)e  thrown  by  referenoe  to  Dr.  Ejerulfs 
map  of  the  ioe-strisB  and  course  of  the  erratic  blocks  in  his  work, 
**  Geologic  des  Siid.  and  Mit  Norwegen,"  Taf.  vi,  p.  25,  from  which 
it  will  be  seen  that  the  erratic  blocks  have  been  carried  for  long 
distances  westwards  along  the  path  indicated  by  the  deep  channel 
between  the  Christiania  Fiord  and  Stavanger.  On  the  other  hand 
the  land  strisd  point  southwards;  so  that  the  direction  of  the  ice-drift 
on  the  submerged  portion  is  perpendicular  to  the  general  course  of 
the  movement  of  the  ice  on  the  land  to  the  north.  The  question 
arises,  were  the  movements  of  the  ice  on  the  land  southwards,  and 
that  of  the  ice  westwards,  on  the  coast,  contemporaneous ;  or  do  they 
represent  dififerent  epochs  of  the  PleiHtocene  period  ?  If  contoiu- 
poraneous,  the  land-ice  must  have  been  diverted  from  its  normal 
course  by  some  opposing  barrier ;  if  referable  to  different  epochs,  the 
erratic  blocks  may  have  been  carried  by  floating  ice  along  with  the 
trend  of  the  current  passing  outwards  through  the  Skager  Rak ;  or 
they  may  have  been  carried  by  land-ice  during  an  epoch  of  elevation, 
while  the  ice  itself,  in  the  form  of  a  great  glacier,  may  have  ploughed 
out  the  loose  material  with  whicli  the  whole  floor  of  the  Skager  Rak 
may  once  have  been  covered,  and  piled  it  up  on  either  hand  as  it 
moved  along.  The  origin  of  this  channel  is  certainly  a  difficult 
problem  ;  but  I  feel  satisfied  it  can  only  be  solved  by  considerations 
connected  with  the  movements  of  the  land-ice  over  the  unsubmerged 
portions  and  those  of  the  submerged.  Edward   Hull. 

Juns,  1S99. 

THE    GEOLOGY    OF    THE    COUNTRY    AROUxVD    CARLISLE. 

Sib, — In  your  review  of  Mr.  Holmes*  Memoir  of  the  Geology  of 
the  Country  around  Carlisle,  you  state  that  ''the  conclusions  nt  which 
Mr.  Holmes  arrived  were  not  those  to  which  Mr.  Aveline  and  the 
late  Sir  Andrew  Kanisay  could  agree."  As  I  have  never  seen 
Mr.  Holmes'  Memoir,  or  knew  that  it  was  published,  I  do  not  know 
what  these  conclusions  are.  But  I  have  always  maintained  that  no 
part  of  the  St  Bees  Sandstone  represented  any  part  of  the  Bunter 
Sandstones  of  the  Midland  or  Northern  Counties,  but  was  more 
probably  represented  by  what  has  been  mapped  in  Yorkshire  as 
the  "  Middle  Marls  and  Sandstone "  and  the  ''  Upper  Magnesian 
Limestone"  (a  very  misleading  name).  I  have  never  stated  that 
there  could  be  no  passage  from  the  Permian  up  into  the  Trias,  but 
just  the  reverse ;  I  have  also  stated  that  there  was  a  much  greater 
conformity  between  the  so-called  Middle  Marls  and  Upper 
Limestone  (which  are  classed  with  the  Permian  in  Yorkshire)  with 
the  Bunter  Sandstone  than  with  the  Lower  Magnesian  Limestone 
below  them.     My  anxiety  is  not  so  much  for  the  teleuWoxi  ol  wwccve^^ 
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but  that  every  formation  nhould  be  placed  on  ifs  proper  horizon,  and 
I  oannot  believe  that  the  proper  horizon  of  the  St.  Bees  Sandstone  is 
the  same  as  the  Bunter  Sandstones.  W.  T.  Ayelinb. 

16,  Ebnninoton  Tbrracb.  Ernninoton  Pabk,  S.E. 

THE  PERSIAN  VOLCANO   EOH-I-TAFTAN. 

Sir, — In  a  footnote  to  a  joint  paper  by  my  son  and  myself  on  the 
rocks  of  the  Baluch-Afghan  frontier  (Q.J.GS..  vol.  liii,  p.  289),  we 
gave  a  short  account  of  a  visit  by  Captain  P.  Molesworth  Sykes  to 
the  volcano  of  Koh-i-Taftan,  12,600  feet  hi^h.  'situated  near  the 
eastern  border  of  Persia,  about  200  miles  north  of  the  Arabian  Sea. 

Captain  P.  Molesworth  Sykes,  who  is  now  Consul  at  Sistan 
(Seistan),  paid  a  second  visit  to  Taftau  (Koh  means  'mountain '  and 
-I-  *of')  last  January,  and  he  writes  to  me  as  follows: — "When 
passing  the  eastern  base  of  Taftan,  Wood  of  the  Telegraphs  and 
myself  tried  to  scale  it  from  that  side.  At  about  12.000  feet 
elevation  we  found  seven  orifices  from  which  white  vapour  was 
being  ejected  with  a  noise  like  that  of  a  steam-engine,  l^e  holes 
were  very  small  and  covered  with  stones,  while,  all  around,  were 
sulphur  and  sal-ammoniac.  I  collected  here  three  tins  full  of  the 
sulphur,  the  ash,  and  tlie  stone.  Almost  at  the  summit  the  road  was 
barred  by  perpendicular  cliffs  some  30  feet  high,  and  so  we  could 
not  reach  it.  The  vapour  issuing  from  the  seven  orifices  (two  being 
nmch  bigger  than  the  others)  was  vi8il)le  for  a  distance  of  10  or  15 
miles,  while  the  ground  close  to  me  was  hot  enough  to  break  the 
bulb  of  my  register.  The  climb  was  much  steeper  than  on  the 
8onth-we8t  side,  or  perhaps  I  had  not  quite  got  over  my  seediness 
of  the  previous  summer." 

As  80  little  is  yet  known  about  the  Taftan  volcano,  and  as  it  lies 
so  much  outside  the  range  of  ordinary  travellers,  the  above  brief 
account  of  Captain  Sykes's  second  visit  to  this  locality  is  interesting. 
The  great  heat  of  the  ground  near  the  orifices  through  which  steam 
is  still  ejected  imder  considerable  pressure  shows  that  the  fires  of 
this  old  volcano  have  not  yet  completely  died  out. 

Captain  Sykes  kindly  sent  me  the  specimens  he  collected,  but  as 
they  have  not  yet  arrived  I  am  afraid  they  have  gone  astray  en  route, 
or  have  been  confiscated  by  some  over-zealous  Persian  official  who,  in 
his  care  for  the  morals  of  Europe,  may  have  thought  that  suspicious 
intercourse  with  the  infernal  regions  ought  not  to  be  encoui*ay:ed. 

Should  Captain  Sykes  again  visit  Koh-i-Taftan,  it  wouhl  be 
interesting  if  he  could  make  a  good  representative  collection  of  the 
solid  rocks  of  that  mountain  found  in  siti). 

T  wouM  remind  those  who  may  think  it  strange  that  an  active 
volcano  should  have  existed  so  far  away  from  the  sea  that  in  Eocene 
times  the  sea  flowed  over  what  is  now  the  Indus  Valley  into 
Baluchistan  and  Afghanistan  (Manual  Geol.  India,  2nd  ed.,  p.  494). 
This  sea  did  not  commence  its  retreat  until  the  end  of  the  Eocene 
period  ;  and  whilst  it  remained,  the  Koh-i-Safid  range,  of  which 
Koh-i-Taftan  forms  a  part,  was  probably  not  far  removed  from 
77.S  shovo,  C.  A,  McMahon,  Lieut.-GeneraK 

20,  JVkvkkx  Square,  S.'W. 
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I. — ^NoTss  ON  Elepras  (Stboodon)  oanssa,  Falo.  &  Caut.,  tbom 
THE  Pliocens  Deposits  of  the  Sewalik  Hills,  India. 

By  Hbxrt  Woodward,  LL.D.,  F.B.8.,  F.G.8.,  etc. 

(PLATE  XIV.) 

INDIA,  the  present  home  of  one  of  the  two  types  of  existing 
elephants  {Cephas  Indieus),  has  also  yielded  abundant  evidence 
of  numerous  extinct  forms  of  this  animal ;  two  species  of 
Dinotherium,  eight  species  of  Mastodon,  and  seven  species  of 
extinct  elephants  being  recorded  from  the  Miocene  and  Pliocene 
formations  of  that  great  continent 

Mepha$  ganesa,  the  subject  of  these  notes,  was  probably  one  of 
the  largest  of  all  the  fossil  elephants  known,  and  is  represented  in 
the  Oeologioal  Gallery  of  the  British  Museum  (Natural  History), 
Cromwell  Boad,  by  a  skull  from  the  Sewalik  Hills,  India,  the  tusks 
of  which  measure  10*  feet  6  inches  in  length  outside  the  alveolar 
portion,  and  2  feet  3  inches  more  within  the  alveolus. 

This  superb  specimen,  presented  to  the  Trustees  in  1848  by 
(General  Sir  William  Erskine  Baker,  E.C.B.,  has  quite  recently  been 
remounted  in  an  improved  position  in  the  centre  of  the  Gallery, 
and  a  lower  jaw  has  been  added  to  the  cranium,  which  greatly 
increases  the  interest  of  the  specimen.  The  tusks,  which,  by  com- 
pression in  the  rook,  had  been  squeezed  close  together,  and  presented 
an  abnormal  appearance,  have  now  been  set  up  wider  apart,  so  as  to 
allow  of  a  sufficient  interval  for  the  insertion  of  the  proboscis,  as 
would  of  necessity  have  been  the  case  in  the  living  animal. 

Turning  to  Falconer's  Paleeontological  Memoirs '  (vol.  i,  p.  20), 
we  find  he  proposes  the  following  classification  of  the  species  of 
Mastodon  and  JKlephaa,  based  upon  the  ridge-formula  and  stmctuve 
of  the  molar  teeth.  After  dividing  the  Mastodons  into  Trilophodon^s 
and  Tetralophodonts,  Falconer  proceeds  to  classify  the  elephants 
into  three  sectional  groups,  namely :  I,  Stegodon ;  II,  London ; 
III,  Elaamodon,  In  the  first  of  these  divisions  (Stegodon),  Falconer 
placed  those  species  which  Owen  called  '  Transitipnal  MastodozMk^ 

^  **  Palsontological  Memoirs  and  Notes  of   the  late  Harh  Falconer,  M.D.^ 
y.P.B.S.,  For.  Sec.  Greol.  Soc."  (1868),  compiled  and  edited  oy  CI^ba.  l^>axO^&K^^> 
H.D.,  F.B.S.    Two  Tols.,  8yo  (phtea). 
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Dr,  S,  Wooiuari—lMtt  m  S^km  gmma. 


ThiM  (^«np>  ^  t*IIs  aa,  forau  the  neuot  ^proMh  to  th*  1 
indera,  (mtt  gan  then  the  datlgnatiwi  of  Matleioa  «faptairiiM» 
A  fiagnwnt  of  oiw  of  the  teeth,  ^uded  of  its  ooet  of  Bwaem^  mi 
seen  by  ft  sBtnnliit  for  the  flnt  time,  woald  at  onoa  be  nfmedla 
JiMtodM  lather  than  to  StpkoM,  Bnt  when  the  aaanntial  dianatn 
are  analjied,  the  ipedea  are  aeen  to  partake  more  of  the  natm 
of  tme  elephants. 

Writing  on  the  <iiaiaoterB  of  the  SUgoAmM,  Faloonar  obaarvw : 
"Sir  PfODj  OMitley  and  myself  have  tbonght  we  ooold  distinnU 
foar  ipeoles  of  Shyodes— namely,  8.  CSi/Ut,  8.  UwA^fnam,  8.  Mpb, 
and  8.  gmeta," 

In  bis  Ootalogne  of  the  Toeul  Mammals  In  the  BriUah  Hassm 
(Natural  Hiatory).  1886,  part  iv,  p.  88,  B.  Lydekkar  wrttea:— 
"^ni0  third  tms  molara  in  the  typo  oianiam  of  uia  apeoiea  oontrie 
ten  ridges,  and  thereby  ^rse  with  the  ooirasponaing  teeth  ct 
B.  imignii  nther  than  of  S.  bomibifnaa,  a  oondmrn  oonltrBad  hj 
a  seoond  oranium,  in  whioh  there  appear  to  be  either  ton  or  eleven 
rideea  in  the  same  tooth.  This  oloas  reaemblaooe  between  the  hnt 
molar  of  this  form  and  of  S.  tntignu  rondera  ft  apparently  tnpoasMa 
to  draw  any  distinction  between  the  eariier  teeth  of  the  two  fctms, 
and  all  sneii  teeth  sie  therefore  referred  to  the  latter,  niooner  hai 
consldenble  doubts  as  to  tbe  speoifio  dUinotne«  of  the  pnasnt 
form,  and  as  the  reoemblanoe  between  the  tjot  eranlnm  ud  tt* 
young  oranium  of  JB,  inti{fni»  indioates  that  the  two  are  oloaely 
related,  it  is  possible  that  £.  gitneia  may  be  the  male  form  ot 
E.  inai^nis."  "The  adall  oranium,"  be  adds,  "does  not  diffisrveiy 
widely  from  the  type  of  E.  indteut,  altbough  the  frontal  oonatriotion 
ia  less  marked."  This  Itist  observation  was  probably  due  to  the 
former   unnatural   poaition   in  whiob  tbe  skull  of   E.  ganata  was 


Figure  showing  the  oririnttl  portion  of  the  «lmll  of  BlepXai  gmnttm  (radnced  to 

^  nat.  lize],  aa  lormertir  moantcd  in  the  Oeological  Oallerj  of  th<  Bntiih 

Mosenia  (Xatural  Hiitoi;),  «fter  Prof.  k.  QkoAtj'*  " Ln  EDohsiaemeatc  da 

Monde  ADinul,"  Sto,  1B7B.     The  preeeat  positioll  of  the  akoll  ia  ihown  is 

PI.  XIT,  Fig.  2. 

mounted.     Anyone  viewing  tbe  skull,  as  now  plaoed  in  its  normal 

position,  i.e.  with  the  finding  surfaoe  of  the  molars  apon  a  nearly 

horizontal  line  (PL  XIV,  Fig.  2),  and  oomparing  it  with  the  shon 

woodcut   (which   shows  tbe  position  of    the   head    aa  originally 

set   up,   and    ss   figured    in    tbe    "  Fauoa  Antique  Sivalensii "), 

cannot  fail  to  be  stmok  by  tbe  great  chauge  produced  in  the  sspsot 

of  the  fossil.    The  craaiam  in  ^to^^k,  i&«bKa.t«d  &om  the  palate  le 
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3  vertex,  is  seeQ  to  be  nearly  twioe  as  high  as  it  is  deep  when 
^asared  from  the  nares  to  the  oooiput.  This  braohycephalio 
aracter  of  the  skull,  producing  so  elevated  and  narrow  a  profile 
the  head,  is  greatly  accentuated  by  the  addition  of  the  lower  jaw 
the  specimen. 

Continuing  his  observations  on  the  several  specimens  referred 
'  him  to  ElephaB  ganeaa,  Falconer  (on  p.  80,  op.  cit.)  describes 
vertical  section  of  the  last  upper  molar  attributed  to  an  undescribed 
dian  fossil  elephant,  named  E.  ganesa  in  this  work.*  **  The 
3wn  consists  of  ten  principal  ridges,  with  a  subordinate  '  talon ' 
Ige  in  front  and  behind.  The  anterior  seven  ridges  have  their 
mmits  worn,  the  two  in  front  being  ground  down  to  the  common 
se  of  ivory,  the  tooth  having  been  a  considerable  time  in  use. 
**  The  disposition  and  relative  proportions  of  the  ivory,  enamel,  and 
ment  bear  the  closest  resemblance  to  those  of  the  corresponding 
Dth  of  E.  insigms**  (op.  cit.,  pi.  iv,  fig.  1),  "and  the  number  of 
Iges  agrees  "  (see  also  op.  cit.,  vol.  i,  p.  424).  Dr.  Falconer  adds  : 
N'otwithstanding  that  the  molars  agree  so  closely,  the  crania 
e  remarkably  different  in  the  two  forms;  that  of  E.  insignia  is 
igularly  modified,  being  much  compressed  on  the  vertex,  so  as 
bear  an  analogy  to  the  cranium  of  Dinotherium  giganteum ;  while 
e  head  of  E,  ganesa  does  not  differ  much  from  the  ordinary  type 

elephant" 

The  following  description  of  the  large  skull  of  Elephas  ganeaa 
om  the  Sewalik  Hills,  presented  by  Colonel  Baker  to  the  British 
useum,  is  taken  from  Falconer's  *'  Pal.  Memoirs,"  vol.  i,  p.  453, 
»ing  the  explanation  of  pi.  xxi  of  Falconer  &  Cautley*s  **  Fauna 
iitiq.  Sival."  (issued  without  text) :  **  Large  skull  with  left  incisive 

$itu,  and  fragment  of  right  incisive  detached.  The  incisive 
weoli  are  remarkably  elongated,  as  in  J?,  prtmigenius.     The  plane 

the  incisives  is  continuous  with  that  of  the  frontal,  but  with 
tendency  to  obliquity  forwards.  The  skull  is  very  imperfect  on 
e  right  side.  PI.  xxi  gives  a  front  view  one-fifth  of  the  natural 
se,  and  pi.  xxii,  figs.  1  and  2,  gives  a  lateral  and  palatal  view  of 
e  same  skull." 

The  dimensions  are  as  follows  (op.  cit.,  p.  454)  : — Length  of 
aninm  from  occipital  protuberance  to  the  end  of  the  incisive  left 
ie  (4  feet  exactly),  48  in.  From  occipital  condyles  to  left  side, 
I  in.  From  occipital  condyles  to  anterior  border  of  molar  alveolus, 
r  5  in.  Vertical  height  from  condyles  to  sinciput,  24*5  in.  Diameter 
ross  the  occipital  condyles,  9*2  in.  Antero-posterior  diameter  of 
ft  condyle,  5*1  in.  Transverse  diameter  of  right  condyle,  3*85  in. 
ransverse  diameter  of  occipital  foramen,  3  in.  Antero-posterior 
ameter  of  occipital  foramen,  3*1  in.  From  the  surface  occipital 
ilge  plane  to  the  anterior  entire  margin  of  naso-maxillary  sinus, 
hi  in.     Semi-diameter  of  widest  part  of  occipital  (making  total 

occiput  29*2  in.),  146 in.  Somi-diameter  (transverse)  of  naso- 
axillary  sinus  (entire  diameter  restored  estimated  16  in.),  7*9  in. 

>  ««Pal.  Mem.,"  vol.  i,  p.  80,  pi.  n,  fig.  1 ;  or  "  Fauna  Antii^.  Sival.,"  ^Vm, 
'.  7a.    Length  of  tooth,  9*25  inches. 
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Interval  between  nnso-maxillary  sIdus  and  post-orbital  margin  of 
frontal,  4*55  in.  Mesial  width  across  forehead  from  post-orbital 
process  to  inner  margin  of  incisive  left  side,  13*1  in.  (width  of 
forehead  at  this  part  restored,  26*25  in.).  From  tip  of  post-orbitary 
process  to  surface  of  occipital,  17*75  in.  From  tip  of  incisives 
ontside  to  post-orbitary  process,  30*75  in.  Len^h  of  incisive  to 
margin  of  naso-maxillary  sinus,  31  in.  Depth  of  zygomatic  fossa, 
4*25  in.  Estimated  width  of  cranium  between  middle  of  zygomatic 
fos88e,  19*5  in.  Height  from  lower  margin  of  auditory  foramen  to  tbe 
summit  of  sinciput,  18  in.  Depth  or  height  of  cranium  from  the 
posterior  margin  of  molar  alveolus  (back  part  of  palate)  to  the 
summit  of  sinciput,  32  in.  Depth  from  posterior  and  upper  margin 
of  occipital  foramen  to  posterior  margin  of  molar  alveolus,  9*5  in. 
Height  of  the  orbit,  8*78  in.  Length  of  anterior  portion  of  the 
palate,  and  from  anterior  end  of  molar  alveolus  to  tip  of  incisive, 
16  in.  Transverse  diameter,  left  incisive  at  tip,  11*5  in.  (Estimated 
width  of  both  incisives  at  tip,  24  in.)  Vertical  diameter  of  left 
incisive  at  tip,  10*6  in.  Vertical  height  of  sub-orbitary  foramen, 
left,  3*85  in.  Width  of  incisive  at  contraction  below  sub-orbitary 
foramen,  10*75  in.  Width  of  incisive  sheath  at  sub-orbitary  foramen, 
7*5  in.  (Estimated  width  of  both  incisive  sheaths  at  sub-orbitary 
foramen,  21*5  in.)  Interval  between  posterior  molars,  anterior  end 
(width  of  palate  in  front),  2*7  in.  Interval  behind,  3  25  in.  Length 
of  right  molar  (backmost),  11*9  in.  Width  of  right  molar  in  front, 
4*05  in.  Width  of  right  molar  behind,  5  in.  Vertical  height  from 
posterior  outer  margin  of  molar  alveolus  to  post-orbitary  process, 
21  in.  Interval  between  outer  surfaces  of  the  molars  at  fifth  ridge 
from  front,  12*6  in.  Antero-posterior  diameter,  auditory  foramen. 
1*15  in.  Transverse  diameter,  auditory  foramen,  1  in.  Estimated 
height  of  occiput  at  restoration  from  lower  surface  of  condyles  to 
sinciput,  24*5  in.  Length  of  left  tusk  outside  the  incisive  sheath, 
measured  along  the  lower  surface,  10  ft.  6  in.  Length  of  left  tusk 
inside  the  sheath,  2ft.  Sin.  to  2ft.  4 in.  Estimated  total  lengtli, 
12  ft.  9  in.  Total  length  of  head  from  occipital  protuberance  to  tip 
of  tusk,  4ft.  + 10  ft.  6  in.  =14^  feet.  Length  of  right  tusk,  10  ft.  Siin. 
Interval  between  the  tusks  at  emergence  from  incisive  sheath,  G  in. 
Interval  between  the  tusks  at  nearest  approximation,  at  3i  feet  from 
incisive,  3-5  in.  Divergence  at  tips,  o  ft.  31  in.  as  restored.  Hei«;ht 
of  versed  sine  of  curve  from  tip  to  incisive  border,  right  side,  23  in. 
Height  of  versed  sine  of  curve  from  tip  to  incisive  border,  left  side, 
23  in.  Vertical  diameter  left  tusk  (14  in.  from  base)  where  greatest, 
9  in.  Transverse  diameter,  left  tusk,  at  ditto,  7*9  in.  Girth  of  left 
tusk  at  ditto,  26  in. 

Referring  to  the  molar  teeth  of  E,  ganesa,  Falconer  writes  (of  pi.  iii. 
^g.  76,  "  Fauna  Antiqua  Sivalensis  ")  on  p.  81,  **  Pal.  Memoirs"  :— 
This  figure  **  siiows  a  vertical  section  of  one  of  the  posterior  molars 
of  the  lower  jaw,  which  we  infer  to  belong  to  the  same  species. 
A  small  portion  of  the  anterior  end  of  the  crown  has  been  broken 
off;  b/it  the  presence  of  the  anterior  fang  proves  that  the  section 
iDcludea   the   whole   lenglYi  o^  l\i^  VooVV  ^T^^\\t  the  first  ridge, 
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the  posterior  end  being  entire.  It  appears  to  hare  consisted  of 
eight  principal  ridges,  with  a  '  talon '  ridge  behind  and  a  subordinate 
ridge  in  front  Five  of  the  ridges  have  been  in  use,  the  anterior 
two  in  the  section  being  worn  down  close  to  the  common  base  of 
ivory,  while  the  three  last  ridges  are  entire.  Like  the  upper  molar 
of  E.  ganesa  (already  referred  to),  it  bears  a  close  resemblance  to  the 
corresponding  inferior  tooth  of  E.  {nBtgnis  (pi.  iy,  fig.  1,  op.  oit) 
in  the  form  of  the  ridges,  thickness  of  enamel,  and  proportion  of 
cement  This  specimen  measures  about  7^  inches  in  length  (see  also 
op.  cit.,  vol.  i,  p.  424)."  In  the  same  work,^  he  describes  (pi.  zz  a, 
figs.  1  and  la)  a  **  Lower  jaw  with  first  and  second  true  molars, 
of  ElephoB  ganesa  (Falc.  &  Cant),  from  the  Sewalik  Hills.  Proved 
to  be  so  by  fig.  2.  A  most  remarkable  jaw,  very  high  in  front  and 
with  very  divergent  rami  behind ;  diastemal  edges  very  sharp ;  two 
outer  mentary  foramina  on  right  side.  The  front  tooth  much  worn ; 
has  five  ridges  and  a  heel ;  the  last  tooth  has  eight  ridges."  Falooner 
adds,  **  Nothing  else  like  this  in  the  collection,  B.M." 

Extreme  length  of  jaw,  18*5  in.  Height  at  alveolus,  8*5  in. 
Width  of  jaw  in  front,  4  in.  Width  of  jaw  behind,  5*8  in.  I  Length 
of  front  tooth,  5*1  in.  Width,  2*7  in.  Length  of  last  tooth,  9*3  in. 
Width,  8-2  in. 

Figs.  2  and  2a. — Elephas  ganesa.  Portion  of  lower  jaw  with 
left  penultimate  lower  molar,  llie  jaw  in  this  specimen  is  also 
very  high  and  narrow  in  front  and  low  behind.  The  tooth  has 
seven  ridges  and  a  heel.  Behind  it  is  seen  a  portion  of  the  last 
molar.  B.M.  Length  of  fragment,  14*5  in.  Height  at  alveolus, 
8*3  in.  Height  behind,  5*8  in.  Width  in  front,  3*3  in.  Width 
behind,  6*6  in.     Length  of  molar,  9*2  in.     Width  at  back,  3  in. 

EXPLANATION  OF  PLATE  XIV. 

FiGB.  1  and  2. — Elephat  ganesa^  Falc.  &  ('aut.  Fig.  1«  front  riew,  and  Fie.  2, 
profile,  of  skull  and  tusks,  as  now  exhibited  in  the  Geological  Gallery  of  the 
British  Museum  (Natural  History),  Cromwell  Road.  The  specimen  measures 
144  feet  in  length.  From  the  Pliocene  of  the  Sewalik  Hills,  India.  Presented 
by  General  Sir  William  Erskiue  Baker,  K.C.B.,  1848. 


IL On    ZlNDSTROMASTER    AND     THE    CLASSIFICATION     OF    THE 

Paljbahtebids. 

By  J.  W.  Greoouy,  D.Sc,  F.G.S. 

(PLATE  XVI.) 

THE  classification  of  the  Palasozoic  starfishes  has  long  been  in 
chaos.  The  earlier  palaaontologlsts,  who  founded  most  of  the 
known  genera,  made  no  attempt  at  a  general  classification  or 
to  indicate  the  relations  between  the  Paladozoic  and  existing 
representatives  of  the  Asteroidea.  The  first  step  towards  progress 
was  Bronn's'  division  of  the  extinct  genera  into  three  groups — the 
OphiurasterisB  (which  may  be  left  out  of  account  as  Ophiuroidea), 
the  Encrinasteri89,  and  the  Asterias  veras.     The  last  two  groups  have 

^  Falconer  &  Cautley*s  "Fauna  Antiqua  Sivalensis'*  (the  figures  of  which  are 
described  in  Falconer's  **Pal.  Memoirs,"  1868,  vol.  i,  p.  452). 
^  H.  G.  Bronn:  Chissen  und  Ord.  Tliierreichs,  vol.  ii  ^\ft^Q),  ^^.*IVv-%, 
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been  aooepted  by  moat  palaMmtol<M;bte  who  hatPs  wtoied  to  the 
group.  Thoe  Uiey  were  adopted  by  Ton  Sttd,^  who  aimpfy 
redefined  the  genera,  and  by  Sttirti,'  whoae  important  papan 
iaoluded  the  first  attempt  at  a  formal  daaaifioatioiL 

The  ohanuster  on  whkdi  Bronn'a  gronpa  were  baaed  fa  the 
arrangemwit  of  the  ambnlaoral  oaaidm.  In  the  Bnotittaatorfaa 
(or  Palasaateroidea  as  they  axe  sometimea  called)  tho  ambalaond 
ossicles  are  said  to  be  altematOi  wheraaa  in  the  Aalinriss  Tens  or 
Enasteroidea  they  are  said  to  be  oppoaite  in  podtion.  Hie  altsmation 
of  the  ambnlaonl  oasioles  is  no  donbt  the  primitive  amm|pment; 
and  it  is  a  character  of  great  importance  among  (mhiand%  for 
so  long  as  it  was  retained  the  union  of  the  paiia  of  subolaorsl 
ossioles  info  vertebral  oasides  waa  impoaaible.  But  amoos  the 
asterids  the  character  is  not  essential ;  for  the  ambulaoral  oaaidea  in 
each  pair  nerer  fose»  but  remain  as  independent  barsp  meeHng  at 
their  narrow  enda.  The  alternation  may  at  any  time  leaolt  from 
growth  pressure.  In  some  starfish  the  ambulaoral  oaakdea  in  one 
part  of  a  ray  may  be  alternate,  while  in  another  part  thaj  m^ 
be  opposite.  The  character  is,  moreover,  difficult  to  oas^  aa  in  aome 
asterids  the  two  series  of  ambulaoral  osaiolea  appear  to  have 
a  certain  amount  of  movement  past  one  another  dnruig  tho  lateral 
bending  of  the  arm. 

The  alternation  or  opposition  of  the  ambulaoral  oeaiolaa  ia 
therefore  not  a  good  character  for  the  primary  aubdivision  of  the 
Asteroidea.  That  the  older  asterids  had  alternate  ambulacrals  is 
only  to  be  expected,  for  that  was  naturally  the  primitive  arrange- 
ment It  was  gradually  lost  as  the  ambulacrals  became  reduced 
in  size  and  the  arms  more  flexible.  The  artificial  nature  of  the 
diyisions  based  on  this  character  is  shown  by  the  action  of  Stiirtz, 
who  divided  several  of  his  families  into  two  parts,  and  placed  one 
part  in  the  Encrinasterisa  and  the  other  part  in  the  Asterisa  (or 
Stelleridsd)  versd.  Thus  his  family  Pala9echina8terid8a  comprised 
the  genera  Echinasterella  and  Fala$teri$cu8.  The  former  he  placed 
in  the  EnorinasteriaB  and  the  latter  in  the  Asteri®  versa. 

Nor  is  it  possible  to  use  the  alternation  or  opposition  of  the 
ambulaoral  ossicles  as  a  basis  for  the  divisions  Paueasteroidea  and 
Euasteroidea,  for  Bronn,  von  Zittel,'  and  Nicholson  *  have  correctly 
included  some  of  the  Pdadozoio  asterids  in  the  Asteriss  versa. 

Bronn's  classification  appears,  therefore,  neither  morphologically 
nor  historically  justifiable,  and  a  more  convenient  system  is 
desirable.  In  1889  Sladen  *  founded  the  two  groups,  the  Phanero- 
zonia  for  asterids  having  large  marginal  plates  and  the  dermal 

1  E.  von  Zittel :  Handb.  Palaeont.,  vol.  i  (1879),  pp.  461-4. 

'  B.  Stiirtz,  **Neaer  Beitr.  Kennt.  palaeoz.  Seesteme":  Palicontogr.,  toL  xxxri 

(1890),  pp.  246-7.     **Uber  Tent,  und  leb.  Seest." :   Verb,  nftturb.  Vor.  preosi. 
Kheinl.,  ser.  5,  rol.  v  (1893),  pp.  76-7. 

*  K.  Ton  Zittel :  Handb.  Palaeont ,  vol.  i  (1879),  p.  454. 

*  H.  A.  Nicholson:  Man.  Pal.,  vol.  i  (1889),  p.  397. 

^  W.  P.  Sladen,  « Report  on  Asteroidea  collected  by  'Challenger'":    Bep. 
Cb&U,  Exp,f  Zool.,  Tol.  XXX,  pp.  xxvmvsAxuix. 
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branohi®  confined  to  the  abactinal  snrfaoei  and  the  Cryptozonia  for 
asterids  having  the  mar^nal  plates  radimentary  or  absent  and  the 
dermal  branohiee  not  confined  to  the  abactinal  surface.  Sladen 
foanded  these  divisions  only  as  orders  of  Enasteroidea.  Bat  Stilrtz 
in  1893  subdivided  the  other  section,  or  Enorinasterisa — with  which 
the  group  of  Palsdasteroidea  must  be  entirely  or  mainly  identical — 
also  into  Phanerozonia  and  Cryptozonia;  and  then  in  turn  he 
subdivided  the  Stelleridss  versa  in  the  same  way.  It  seems  to  me 
possible  to  extend  still  further  Stilrtz's  extension  of  Sladen's 
classification,  and  to  divide  the  Asteroidea  primarily  into  Phanero- 
zonia and  Cryptozonia,  abandoning  Bronn's  classification  altogether. 

It  is  true  that  M.  Perrier^  has  criticized  the  fundamental  principle 
of  Mr.  Sladen*s  system,  which  is  not  free  from  difficulties;  but 
bis  alternative  plan '  is  certainly  less  helpful  in  the  study  of  fossil 
starfish. 

About  three  years  ago  I  rashly  undertook  to  prepare  a  synopsis 
of  the  known  Asteroidea,  which  had  to  be  completed  by  September, 
1896.  I  accordingly  endeavoured  to  bring  the  fossil  and  recent 
genera  into  line  by  the  above  suggested  extension  of  Sladen's 
system.  The  classification  is  necessarily  provisional,  and  was 
prepared  in  reliance  on  Bacon's  maxim  that  truth  more  often 
springs  from  error  than  from  ignorance.  I  hoped  that  a  clear  series 
of  definite  family  diagnoses  would  show  the  gaps  in  our  knowledge 
of  the  anatomy  of  PalsBOzoic  starfish,  and  thus  help  toward 
something  better.  This  classification  having  been  prepared, 
I  delayed  the  publication  of  this  paper  until  the  diagnoses  were 
available  for  reference. 

Some  years  back,  owing  to  the  kindness  of  the  late  Dr.  Johnstrup 
of  Copenhagen,  I  received,  through  the  agency  of  Professor  Lindstrom 
and  my  colleague  Mr.  F.  A.  Bather,  the  loan  of  the  type-specimen 
of  Hisinger's  Asteriaa  antiqua,  which  is  now  preserved  in  the 
Mineralogical  Museum  of  Copenhagen.  As  the  original  figure  was 
diagrammatic  and  indefinite,  the  specimen  had  been  redrawn  by 
Mr.  G-eorg  Liljevall  of  Stockholm,  with  the  scientific  accuracy  and 
artistic  skill  for  which  his  work  is  famous.  This  drawing,  which  is 
the  property  of  the  Biksmuseum  in  Stockholm,  has  been  kindly 
lent  me  by  Professor  Lindstrom,  who  has  also  permitted  the 
accompanying  plate  to  be  prepared  from  it.  For  Professor 
Lindstiom's  indulgence  in  allowing  me  to  retain  the  drawing — 
I  am  ashamed  to  say  for  how  long — I  owe  him  my  sincerest  thanks. 

The  history  of  this  species  is  simple.  It  was  founded  by 
Hisioger '  in  1837,  and  assigned  to  the  genus  Asteriaa.  In  1848  it 
was  transferred  to  Palmipes  by  Edward  Forbes,  owing  to  a  mistake 
as  to  its  geological  age,  which  he  regarded  as  Cretaceous.  Salter 
in  1857  removed  the  species  to  the  genus  Falaaslerina,  which  he 
apparently  considered    an    ally   of    Palmipea;    for    he    remarked 

»  Ed.  Perrier,  "Contrib.  6t.  Stell.  Atl.  Xord":  Result  Camp.  Sci.  Albert  I., 
fasc.  xi  (1896),  pp.  10-14. 
•  Ibid.,  pp.  7,  15. 
'  The  references  are  given  in  the  synonymy  on  p.  347. 


■  r 


344        Dr.  X  W.  iStngorf    On  PatamokSlmiUkm. 

ngnSSsim  13am  tjpo  ■paohs  of  fhs  gemiti  Ait  IMm  ^wooU  bmnt 
refened  lt»  and  with  it  the  wliole  gnmp,  to  JMr  %rm  fnlUm  mmat 
AMteri$cuB  (JhUmpm).**  Sinos  thit  di^  Ifae  speoiM  Imi  ^Iwmm 
been  indadad  in  AfamtoniMi^  m  hj  LindrtrSm,  wlio  in  ISoB 
pnblithed  a  qroonyiny  of  die  tpedee. 

It  i%  however,  qnite  olear  tw  Um  epaolee  bdongi  to  m  grant 
difltinot  from  PalmuimriMU  I  theiefore  prapoae  to  oall  it  Jltd 
i^nNROffsri  ee  It  oomee  fixmi  the  beds  wUob  will  dwigrs  be  MM^^ 
with  Profenor  Lindftrtm'a  name.  Tlie  word  ia  open  to  eritioianini 
being  a  mongrel  oompoaed  of  Swediah  and  Greek.  But  ao  lonr  aa 
aiich  terma  as  glaoiology  are  in  oanent  -aoientUlo  naa^  and  ao  bng 
as  we  give  animsls  sacb  names  aa  NamiBm  fcysrfalifi  a  nrisbne  of 
good  Oieek  and  bad  Latin— K>ther  oomreniant  mongral  tema  nagr  be 
tolerated.  And  JUaflslroaMffsr  ia  oevtainly  oonnNnant  It  not  onlj 
shows  at  onoe  that  the  animal  is  a  staiflsht  bat  bj  xeferanoa  te  raa 
name  of  ihe  diatingnished  an&oritj  on  the  Bwedlah  BDnrian-fena 
suggests  the  age  and  conntiy  in  whioh  the  genna  lived.  The  nania 
baa  many  preoedenta»  aa,  for  inatanoe,  Aottenistori  wUdh  ia  aa  bjMi 
etymoloffioally  and  aa  inatniotiTe  palnontologiaally. 

To  illnatrate  the  affinitiea  of  ZinitlnMMstor  and  aimj^n^  ila 
description  it  will  be  adviaable  to  indiade  diagnoaaa  of  the  nl»- 
asteridn  and  Fslaaaaterinida.  He  preaent  orowtonity  ia  alao  taken 
for  the  description  of  two  new  speoiea  and  the  inatttntim  df  thiee 
other  new  genera. 

Class    STELLEBOIDEA. 
Subclass  ASTEROIDEA. 

Older  1.  PHANEROZONIA. 

Family  1.  PAL-ffiASTERID-ffl. 
Diagnosis. 

Phanerozonia  with  the  ambulacral  ossicles  all  or  mostly  alternate 
in  position,  l^e  madreporite  is  abaotinal,  and  the  oral  armature 
adambulacral.  The  skeleton  of  the  abaotinal  surface  and  inter- 
radial  areas  is  tessellate.     Marginal  plates  large. 

Subfamily  1.  PALiEASTEBINiB. 
Diagnosis. 

Palsaasteridsd  with  the  ambulacral  ossicles  definitely  alternate. 
The  rays  are  usually  long  and  sharply  marked  off  from  the  disc, 
which  is  always  small,  with  small  interradial  areas. 

1.  PALiBASTER,  Hall,  1852. 
Pal.  New  York,  toI.  ii,  p.  247  {non  Salter,  Trautschold,  De  Koninck,  etc). 

Type  Speciks.— P.  Niagarensia,  Hall,  1852.  Op.  cit,  p.  247, 
pi.  li,  figs.  21-28.     Silurian — Niagara  Series :  Lockport,  New  York. 

Paijeastkb  cabactaoi,  Salter  MS. 

Diagnosis. 

A  small  species  with  B  :  r  as  12  :  3^.  The  arms  are  therefore 
long.    They  taper  gtaduaW) .   The  iafra*marginal  plates  number 
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11  or  12  on  each  side  of  each  ray.    They  are  large,  and  the 

exterior  side  is  tumid. 
On  the  abactinal  surfaoe  of  each  ray  there  appear  to  be  three 

rows  of  small  plates,  of  which  those  of  the  median  series  are 

the  largest 
The  madreporite  is  large,  and  placed  close  by  one  of  the  interradtal 

angles, 

DiasHsiONS. 


B.M.,  48,206. 

Sm         •••                     •••                    •••                    •■• 

•  •  • 

•  •• 

12     mm. 

'              •••                    •••                    •••                    ••• 

•  •• 

•  •  • 

8-6    „ 

Width  of  arm  at  the  bate 

•  ■  • 

•  •• 

3-5    „ 

Distribution. 

Caradoc  Sandstone.  ?  Soudley  Quarry,  Church  Stretton.  The 
specimen  on  which  the  above  diagnosis  is  based  is  contained  in 
a  small  nodule,  and  is  labelled  from  the  Soudley  Quarry.  Mr.  B.  A. 
Bnddaoombe  has,  however,  expressed  doubt  as  to  the  exact 
oorreotness  of  this  locality.  The  specimen  is  in  the  British 
Museum  Collection  (No.  48,206). 

AVFIMITISS. 

This  species  was  recorded  by  Salter^  in  1865,  but  I  am  not 
nware  that  any  description  has  been  published.  K.  Etheridge,  jun., 
and  Nicholson  remarked  that  the  species  is  a  true  Palieaater,  an 
opinion  no  doubt  based  on  the  specimen  here  described  (British 
Museum,  No.  48,206). 

The  nearest  ally  of  this  species  is  P.  matulina  (Hall),'  from 
the  Trenton  Limestone  in  the  State  of  New  York,  which  has 
a  single  row  of  large  plates  filling  up  the  space  between  the 
marginals  on  the  abactinal  side. 

2.  AEGASTER,  Hall,  1867. 
Note  on  Falwatter,  20th  Rep.  Res,  Univ.  New  York,  p.  287  ;   and  Nicholson  & 

Etheridge,  jun.,  Sil.  Fou.  Girran,  1880,  p.  322. 

Type  Species. — Asterias  antiqua,  Troost,  1835.  Trans.  G^ol. 
Soc.  PennsyL,  vol.  i,  p.  232,  pi.  x,  ^g.  9. 

?  3.  TETRASTER,  Etheridge,  jun.,  &  Nicholson,  1880. 
Sil.  Fobs.  Girvan,  p.  324. 
Type  Species. — Tetraster  Wyoille'Thomaoni,  Eth.,  jun.,  &  Nich., 
1880.     Op.  cit.,  p.  324,  pi.  xxi,  figs.  1-8. 

4.  PETRASTER,  Billings,  1868. 

Dec.  Geol.  Sunr.  Canada,  No.  iii,  p.  80. 

Type  Species. — PaUeaaterina  rigidus,  Billings,  1856.    Kep.  Qeol. 

Surv.  Canada,  1856,  p.  291.      Fetrasler  rigiduSf  Dec.  Geol.  Surv. 

Canada,  1858,  vol.  iii,  p.  80,  pi.  x,  fig.  3.     Trenton  Limestone: 

Ottawa. 

6.  MONASTER,  Etheridge,  jun.,  pars,  1892. 
Mon.  Garb.  Invert.  New  South  Wales,  pt.  ii,  pp.  70-1. 

Type  Species. — Palaaster  (Monaster)  giganteus,  E.  Etheridge, 
jun.,  1892.     Op.  cit.,  p.  74,  pi.  xii. 

1  Asterias  matutitia,  Hall,  1847  :    Pal.  New  York,  toI.  i,  p.  91,  pi.  xxix,  fip^.  6. 
Talaaster  matiUina,  Hall,  1867  :  20th  Reg.  Rep.,  p.  283,  pi.  V3L,  ^^.  %. 
'  ISalter:  Cat.  Fosa,  Mus.  Fract,  Geol.,  p.  30. 
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This  is  the  third  speoies  refened  by  Mr.  B.  Btbaridga^  jwif  to 
Mona§Urf  but  he  does  not  definitely  chooee  any  one  of  the  three  as 
the  type;  the  name  having  been  suggeeted  "mm  the  one  or  tingle 
row  of  adambnlaoral  plates  on  eaoh  side  of  an  ambalaorml  avenna** 
M.  giganteuM  is  the  best  type ;  for  by  adambniaoral  platea  Btberidge 
no  donbt  means  all  the  aotinsl  platea  ezoept  the  ambnlaoralSy  as 
the  trne  adambnlaorals  are  alwavs  nniserisL  JL  SirmlMmrtt^ 
Eth.,  Jan.,  is  also  a  MoHOiter,  bat  IL  Clarhei  is  refoned  to  a  new 
genas  (p.  868). 

Sab&mlly  2.  XENASTEBINilL 

DiAOHOSIB. 

Palaeiasterida  with  the  genend  oharsoters  of  the  FdaaaterinsB^  bat 
with  most  of  the  ambalaoial  osnoles  opposite. 

XENA8TER,  8iiiiownritieh,  1871. 
"Aftor.  riuin.  Gnniradw":  Siti.  k.  AkBd.inM.Wiai0ToLl1iT9p.88. 

Ttps  Sfkoiss. — Xmuuler  margariiaim.  Op.  dt,  p.  88,  pis.  i 
andiL    Devonian:  Gtermany. 

Atvihitiss. 

This  genus  has  been  assigned  by  von  Zittel  and  IHohoIson  to  tiie 
Asterisa  yens,  owing  to  ue  opposite  position  of  the  ambalaoral 
ossicles*  which  is  the  main  ohanoter  of  the  snbfiunily  to  which  the 
genus  is  here  referred.  The  interradial  areas  are  hmr  than  in 
typical  species  of  PalsBasteridie,  at  least  in  the  type  of  XmaHer; 
but  X.  simplex,  Sim.,  which  ought  uo  doubt  to  be  made  the  type 
of  a  new  genus,  agrees  closely  with  characteristic  forms  of  FaJUea&ler, 
except  in  the  opposite  position  of  the  ambulacral  ossicles.  The 
value  of  this  character  is  doubtful  since  in  Simonowitsch's  figure  of 
X.  margaritatu8  on  pi.  ii,  fig.  3,  while  some  of  the  adambulaorals 
are  opposite,  others  are  alternate ;  probably  the  ambulacral  ossicles 
would  vary  in  the  same  way.  If  it  should  appear  on  re-examination 
of  the  types  of  the  genus  that  Simonowitsch's  figures  (e.g.,  his  pi.  i, 
fig.  16 ;  pi.  iii,  fig.  16)  are  incorrect,  then  the  subfamily  would  be 
unnecessary,  and  Xenaater  simplex  might  enter  FdUdaster,  and 
X.  margariiatue  take  rank  close  to  Palaaster  eucharia,  Hall,  for 
which  otherwise  a  new  genus  is  wanted. 

Subfamily  3.  LINDSTROMASTEBIN-ffi:. 

Diagnosis. 
Pala^asteridaB  with  alternate  ambulacral   ossicles,   a  large  disc 
covered  with  tessellate  plates,  and  large  interradial  areas. 

I.  LINDSTROMASTER,  hot.  gon. 

Diagnosis. 

Paladasterinidsd  with  flat  pentagonal  disc  and  five  short  blunt  raya 
The  plates  of  the  disc  are  large,  polygonal,  tuberoulate,  and 
crowded  into  a  close  tessellate  pavement,  which  completely 
covers  the  interradial  areas. 
Marginal  plates  well  developed  and  conspicuous,  and  but  slightly 
smaller  than  the  adambulaorals.  Both  supra-  and  infra- 
marginals  appear  to  be  i^re^^ut. 
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The  abaotinal  farrows  are  lar^e  and  subpetaloid.  They  are 
boanded  by  large,  tubercalate  adambulacral  plates.  The 
ambalacral  plates  are  boot-shaped.  The  pores  for  the  podia 
are  large,  and  occur  on  the  suture  between  the  adambulacrals 
and  anibulaorals. 

The  adambulacral  elements  in  the  oral  armature  are  prominent, 
and  consist  of  five  pairs  of  subtriangular  plates. 

Type  Spkoies.  —  AiUrias  antiqua,  Hisinger,  1837.  Silurian  : 
Gotland. 

LiNDSTBOMASTKR  ANTiQUA  (Hisingcr),  1837.     PI.  XVI,  Fig.  1. 
Synonymy. 

Astei-ias  antiqua,  Hisin^r,  1837  :  Leth.  Srec.,  p.  89,  pi.  xxvi,  fig.  6. 
,,  ,,       Hisinger,  1840:  Anteckningar,  pt.  vii,  p.  64. 

,,  ,,       Bronn,  1848:  Ind.  Pal.,  Nomencl.,  p.  120. 

Falmipet      „        Forbes,  1848,  *•  Aster,  loss.  Brit.**:   Mem.  Oeol.  Snnr.,  toI.  ii, 

pt.  2,  p.  481. 
,,  ,,       Lindstrom,  1867:  Nom.  foss.  Sil.  Got!.,  p.  26. 

Palaatterina  antiqua^  Salter,  1857,  *'  New  Pal.  Starfishes  " :  Ann.  Mag.  Nat.  Hist., 

ser.  2,  Yol.  xx  (1867),  p.  327. 
Woodward,  1869 :  Eucladia^  Geol.  Mao.,  Dec.  I,  Vol.  VI, 


99  f» 

»>  >l 


p.  244. 
lindsi 

Tom,  1888  :  List.  foss.  Faunas  Swed.,  pt.  ii,  p.  . 
Lindstrom,  1888:  Schichtenf.  Sil.  Gotl.,  N.  Jahrb.,  1888, 


strom,  1885 :  List  foss.  Gotland,  p.  14. 
lindstrom,  1888  :  List.  foss.  Faunas  Swed.,  pt.  ii,  p.  16. 


>f  >> 


vol.  i,  p.  157. 
Stiirtz,  1893,  *•  Verst.  und  leb.  Seesteme"  :  Verb.  Nat.  Ver. 
preiiss.  Bheinl.,  p.  44. 
AtterucM  antiquut,  Pictet,  1857 :  Traits  Pal.,  vol.  iv,  p.  267,  pi.  xcviii,  fig.  4. 

Diagnosis. 

Diso  small,  with  the  ratio  of  B  :  r  as  18:11. 
-  The  interradial  areas  (and  the  whole  '  squelette  ventro-lateral '  of 
Perrier)  are  wide,  and  include  9  or  10  plates  in  width  across 
the  radius  to  the  interradial  angle. 
The  adamhulacral  plates  number  about  20  in  each  series. 

Dimensions. 

Hisinger^s  Measurements 

figure.  from  the  specimen. 

H  ...        ...        ...         ...         ...         18  mm.  18  mm. 

'  •••         •••         •■•         •••         •■•         XO    yi  XX    H 

Maximum  width  of  ambulacral  furrow  3    ,,  3    ,, 

Distribution. 

Bed  C,  corresponding  to  the  Wenlock  Shale,  Qotland. 

Figures. 

PI.  XYJ,  Fig.  1.  Actinal  surface  of  the  type-specimen,  Angel  in 
Coll.,  Mineralogical  Museum,  Copenhagen.  Fig.  la,  the  outliue  of 
the  specimen,  nat  size ;  Fig.  16,  the  same,  x  4  dia. 

2.  URANASTER,  nov.  gen. 

[From  Uranus,  the  grandfather  of  Pluto ;  the  starfish  resembles  the  living  genas 

Plutonaster.'] 

Diagnosis. 

Lindstromasterinse  with  a  large  disc  and  five  long,  gradually 
tapering  arms. 
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The  muf^ul  pktoi  we  bmi  Oa  the  abeiiliael  flurihoe  ttaf  m 
sepanied  bj  miiMiooe  &^j  flttiog  pl^esi  with  oeavut  inmr 
Barfaoee»  eo  thai  tbey  appaer  toberoiiMr.  Theee  iatarmedkle 
abeotfnel  plalae  are  arnnged  ia  alteniate,  haimeiae  rowsi 
No  oarinal  abaotinal  platee. 

Ambnlaoral  platea  travened  bj  atitmg  tanafsne  rl%e.  Adimbii- 
koral  platea  thiok  and  tabemilar. 

Tm  SpKOisa.— iVi/Mfterma  JOmAttad^  Bafly.  18TB.  If  em.  OeoL 
Snrv.  Lrelaiid,  Sheet  Noe.  169, 170, 180, 181,  p.  68,  fig.  6 ;  p.  69. 

AyFiNxnaa. 

The  genus  difibn  from  i^ndtfroMOilfr  l^  ita  long  n^  and  tiaaa- 
▼ene  rows  of  abaotinal  Intannediate  platea. 

UiuxASTKB  ExvAHAn  (BaQj),  1879, 

DiAQHOSIS. 

Medium-sised  starfish,  with  Bofabont  80mm.  androfaboat  7mm. 
The  arms  are  8mm.  across  at  the  base. 

Marginal  plates  elongated  in  the  direotlon  of  the  arm ;  aboat  80 
supramarginals  on  eaoh  side  of  eaeh  tvj. 

Abaotinal  intramaiginal  plates  oonsist  of  mi  outer  row  of  lam 
sabmarginal  plates,  alternating  with  the  maiglnala;  amdl 
plates  sometimes  ooour  in  the  angle  between  tnsso  plataB  and 
the  maiginals.  Within  the  snbmwginal  plates  there  is  on  eaoh 
side  of  the  ray  a  row  of  three  or  four  small  tnberonlar  plates. 
There  is  no  oarinal  series. 

The  plates  in  the  aotinal  interradial  areas  are  irregular  and 
polygonal. 

The  aotinal  furrow  was  apparently  narrow,  tapering  gradually, 
and  deep. 

DiSTBIBUTION. 

Caradoc :  Wexford.  The  above  diagnosis  is  based  on  speoimen 
E 194  ill  the  British  Museum ;  it  was  oollected  near  Bannon. 

Family  2.  PAL^EASTERINID-ffl. 
Diagnosis. 
Phanerozonia  with  the  ambulaoral  ossioles  alternate,  the  orsl 
armature  adambulacral,  and  the  madreporite  abaotinal.  The 
disc  is  large  and  pentagonali  and  the  rays  are  short  and 
separated  by  large  interradial  areas.  The  marginal  platea  are 
smaller  than  the  adambulacral  plates. 

Affinities. 

The  family  agrees  with  the  Palsdasteridso  in  the  three  first 
characters  stated ;  but  dififers  from  it  by  the  shortness  of  the  rays 
and  large  size  of  the  disc,  and  by  the  less  derelopment  of  ^ 
marginal  plates.  The  family  differs  from  the  Aspidosomatidsd  by 
the  fact  that  the  rays  are  never  petaloid,  and  by  the  absenoe  of  the 
abactinal  depressions  between  the  maiginal  plates  and  the  longi- 
tudiual  series  of  abactinal  arm  \ilates. 
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1.  PAL£AST£EINA,  McCk>y,  1851. 

Stnontmt.' 

AlaaBUrinaf  McGoj,  ISiSl :  Brit.  Palaeoz.  Fon.,  iato.  i,  p.  59. 

„         par$,  Salter,  1857,  **New  Pal  Starfiches  "  :  Ann.  Mag.  Nat.  Hist., 

8er.  2,  vol.  xx,  pp.  824,  827. 
„         pan,  Billings,  1858 :  Dec.  Oeol.  Surr.  Canada,  No.  iii,  p.  76. 
„         pari,  Salter,  1859 :  in  Mnrchison,  <*  Siloria,"  3rd  ed.,  p.  248. 
ftm      „  Dana,  1863,  '*Note  foes.  Echinod.":   Amer.  Joum.  Sci.,  aer.  2, 

ToL  xxxv,  p.  295. 
non      „         Hicks,  1873,  **  Tremadoc  St.  Dar." :    Quart.  Jonm.  Geol.  Soc., 

Tol.  xxix,  p.  51,  jpl.  iv,  figs.  21-23. 
mn      „  Baily,  1879:  Mem.  Ueol.  Sunr.  Ireland,  No.  169,  etc.,  p.  58. 

„  von  ^ittel,  1879  :  Handb.  Palaeont.,  vol.  i,  p.  453. 

non       „  Etheridge,  1881 :   Pres.  Add.,  Quart.  Joum.  Oeol.  Soc.,  toI.  xxxTii, 

Proc.,  p.  92. 
,,         pars,  De  la  Touche,  1884 :  Handb.  Geol.  Sbrops.,  p.  34. 
non       „  Stiirtz,  1886,  "  Beitr.  pal.  Seest.'* :  Palsontogr.,  rol.  xxxii,  p.  96. 

„  Stiirtz,  1890,  *'  Neu.  Beitr.  pal.  Seest." :  ibid.,  rol.  xixvi,  p.  226. 

f,         pars,  Stiirtz,  1893,  *'Ueber  rerrt.  und  leb.  Seest.":  Verb,  naturb. 
Yer.  preuss.  Rbeinl.,  ser.  5,  rol.  x,  p.  43. 
ITrasttr,  pars,  Forbes,  1848,  *'  Aster,  loss.  Brit.*' :  Mem.  Oeol.  Sunr.,  p.  463. 
„  „     Forbes,  1849  :  Dec.  Oeol.  Sunr.,  No.  i,  pi.  i. 

DiAOVOBIS. 

PalaMtsterinidflB  with  the  rays  shortly  produced  bat  distinctly 
marked  off  from  the  disc.     B  is  about  twice  as  great  as  r. 

The  skeletal  plates  are  large  and  thick,  but  not  packed  into 
a  tessellate  pavement,  the  se{>aiate  plates  on  the  disc  being 
rounded  and  isolated.  There  is  a  circle  of  five  pairs  of  plates 
round  the  centi*e  of  the  abaotinal  side ;  from  this  circle  series 
of  four  longitudinal  rows  of  plates  pass  outward  down  each  ray. 
The  plates  of  the  longitudinal  series  become  crowded  and 
subpolygonal  at  the  distal  end  of  the  rays. 

On  the  actinal  side  the  interbrachial  areas  are  covered  with 
isolated,  rounded,  or  subangular  plates,  bearing  spines.  The 
marginal  plates  are  small  and  usually  bear  small  spines. 
The  presence  of  supramarginals  is  doubtful. 

The  adambulacral  ossicles  are  boot-shaped,  and  the  ambulacral 
groove  is  bordered  by  a  series  of  large  adambulacrals. 

Type  Speoibs. — Palaaaterina  primava  (Forbes),  1848.'  Mem. 
Oeol.  Surv.,  vol.  ii,  pt  2,  p.  463  ;  1849,  Dec.  Geol.  Surv.,  dec.  i, 
pi.  \,  fig.  2.     Ludlow  Series  :  Underbarrow,  Westmoreland. 

Paljbastkbina  Bonnkti,  n.sp.    PI.  XVI,  Figs.  2a,  6. 
Diagnosis. 

Bays  short  and  blunt,  tapering  regularly ;   disc  rounded  or  sub- 
pentagonal.    The  ratio  of  £  to  r  is  2  :  1. 
On  the  abaotinal  surface  there  are  three  longitudinal  series  of  large 
plates,  crowded  distally,  but  separated  by  areas  bearing  smaller 
plates  in  the  disc. 

^  The  references  included  in  tbe  above  Ust  sbow  some  of  the  limitations  to  which 
the  genns  must  submit. 

*  Salter  and  J.  de  C.  Sowerby  in  1843  recorded  an  asterid  from  tbe  Arenig  beds  as 
Asterias  prinudva,  but  apparently  it  was  never  described  (Quart.  Joum.  Q^.  Eq^>^ 
ToL  i,  p.  8,  and  table  i,  opposite  p.  21). 
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About  26  largc^  oblong  ftdunbtilADnil  platM  on  Moh  uda  of  SHh 
nj.  Tho  adunbnlkonli  bwr  am«ll  tnltt  of  aboni  tfane  ^fMit 
and  singlA  ipinea  oooor  on  the  pUtM  of  tho  wUnal  intanwdiitt' 
Kteu,  whioh  platM  uo  nometon^ 

DlSTBIBOnOll. 

Ludlow  Sbalfli :  Lrintwtrdino,  Sbropihin. 

FlGDRKI. 

PL  XVI,  Tifft.  2a  aai  b.    Abwtinal  and  aotinal  viewa  of  qMwImwM 
in  the  G«^ogioftl  Survey  Colleetiott. 

Fig,  1,  abaoHiul  sarfMe  of  part  of  tho  diw  tnd  on«  rn,  x  8  dw. 
Fig.  2,  utinal  viaw  of  i  nj,  x  4  du.    Ilgi.  3«  md  t,  ft* 
and  aottnid  riowa  of  diital  part  of  one  ray. 


Fio.  I.  Fio.  2. 

PalitatUriHa  Batmeyi.     Ludlow  Shtlea;  Leintwar^e. 
Fin.  1.  —  AbRctiuBt  surface  of  one  my,    x   3  dia.    Fia.   2.  —  Actiiul  nrfMe, 

X  i  dia.     Fioi.  3a  and  b. — Abactinal  and  actina]  new*  o(  disia]  end  of  laj. 
ArytHiTiis. 

Ttiia  apeoim  has  bitlierto  been  inoliided  in  P.  primtna,  the  type 
Bpeoies  of  the  genus,  from  whioh  it  differs  b;  having  shorter  and 
blunter  rays,  more  numerons  actinal  interbraohial  plates,  and  more 
adambulacral  plates  in  each  aeries ;  the  oharaoter  of  the  abaotinal 
ray  plates  is  also  different  in  the  apecies,  the  longitudinal  aeriea 
being  widely  separated  at  the  prozimal  end  of  the  rays  in  JP.  BammefL 
I'lie  speaies  is  of  interest,  as  the  structure  is  better  preaerred  than 
in  tbe  type  of  the  genus,  and  thus  we  are  lately  dependent  upon  it 
for  our  knowledge  or  the  generio  oharaotere.  These  are  well  auown 
in  the  aooompanying  illaBtrationa,  whioh  are  prepared  from  the 
proofs  of  some  unpublished  drawings  by  J.  W.  Lowry. 

a.  8CH(EKASTEE,Meek4Worthen,  1860. 

Falamteriiia,  *ahgenia  SehaiuuUr,  Meek  &  Worthsu,  IR60  :  I^M.  Acad.  Nat,  8ei. 

Phil.,  1860,  p.  449  ;  and  1800,  Oeol.  Surv.  lU.,  Palamnt.,  vol.  ii,  p.  277. 

Tvpx   SPBOiEa.  —  Palaaiterina  (Sehtenaittr)  fiMhriaUi,  Hook   & 

Worthea.    I860.      Op.  o\t.,  p.  i^\  and  1866,  op.  dt,  p.   278, 

pi.  xix,  £g.  7.     Sub-CaibonVterovi*-.  \\l.m<A». 
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3.  SCHXTCHERTIA,  nov.  gen. 

Diagnosis. 

Palseasterinidsa  with  tessellate  exoskeleton  ;    the  rays  are  short 
and  the  general  shape  is  pentagonal.     B  :r  as  2:1.     Inter- 
radial  plates  numerous,  polygonal.     Adambulaoral  plates  large 
and  hexagonal.    Ambulacral  furrow  tapering  uniformly  toward 
the  distal  end. 
Type  Spsoibs. — PalaaBterina  stellata,  Billings,  1858.     Dec.  G^eol. 
Snrv.  Canada,  No.  iii,  p.  76,  pi.  iz,  ^g.  1.     Trenton  Limestone: 
Ottawa. 

Affinities. 

Allied  to  Palaasterina  by  the  general  form  of  the  body  and  the 
absenoe  of  the  marginal  plates.  Billings  clearly  doubted  whether 
the  fossil  could  be  left  in  Palaasterina,  and  he  noticed  the  absence  of 
the  spines  so  conspicuous  in  the  typical  species  of  that  genua.  The 
general  appearance  of  the  species  resembles  LindstromaUert  from 
which  it  differs  by  the  smallness  of  the  marginal  plates. 

Family  8.  ASPIDOSOMATIDiE. 
Diagnosis. 
Fhanerozonia  with  alternate  ambulacral  ossicles,  large  marginal 
ossicles,    and    extensive    depressed    interradial   areas.      Kays 
massive,  petaloid,  subpetaloid,  or  tapering. 

1.  A8PID080MA,  Goldfuss,  1848. 

**Ein  Seestem  aas  der  Grauwacke** :   Verb,  naturh.  Ver.  preuss.  Rheinl.,  toI.  v, 

pp.  146-6,  pi.  V. 

Type  Speoirs. — Aspidosoma  Arnoldi,  Goldfuss,  1848.  Op.  cit 
Lower  Devonian  :  Oermany. 

2.  PAL^OSTELLA,  Sturtz,  1890. 

"Neu.  Beitr.  palaeoz.  Seest.** :  PalasoDtogr.,  vol.  xxxvi,  p.  230. 
Type    Speoies.  —  Palaostella  soltda,    Sturtz,    1890.      Op.    cit, 
p.  230,   pi.  xxzi,  figs.   42,  43.      *'  Ueber  verst.  und  leb.  Seest." : 
Verb,   naturh.   Ver.   preuss.   Bheinl.,   ser.  5,  vol.  x,  p.  42,  pi.  i, 
figs.  6-8.     Lower  Devonian  :  Germany. 

3.  TRICHASTEROPSIS,  Eck,  1879. 
"  Bemerk.  zvl  Pohlig  ub.  Aspidara*'  :   Zeit.  deut.  geol.  Ges.,  vol.  xxxi,  pp.  45,  265. 

Type  Speoies. — Astertas  cilicia,  Quenstedt,  1852.  Handb.  Petref., 
p.  596,  pL  li,  figs.  23,  24.  Trichaaleropsis  cilicia,  Eck,  1879. 
Op.  cit,  pp.  43,  265,  pi.  iv,  ^g.  3.     Muschelkalk  :  Crailsheim. 

Family  4.  TiENIASTERID-^. 
Diagnosis. 

Fhanerozonia  with  alternate  ambulacral  ossicles.  There  is  neither 
disc  nor  interbrachial  area.  Large  marginal  plates,  of  which 
the  inframarginals  act  as  the  adambulacral  ossicles.  Rays 
long ;  petaloid  or  tapering  gradually. 

1.  T^NIASTER,  Billings,  1868. 
Dec.  Geol.  Surv.  Canada,  No.  iii,  p.  80. 

Type    Species.  —  Taniaster  apinosusy   Billings,  1858.     Op.  cit.^ 
p.  81,  pL  X,  fig.  3.    Ordovician  :  Canada,    l^ot  TcenlasieY  c)||l\ud.n)A^ 


2B2         Hr.  J.  W.  Gr$g&rif—Om  Puhmtk  SlmffUtm 

Bniingi  (op.  dt,  p.  8lt  pL  s^  fig;  4)»  whibh  lias  bem  mftb  {he  typt 
of  A  ganiu  of  Ophiurids— Airfiira.  (Grcgotyp  ^'OIamUL  EldMi. 
Ophinr.**:  Froo.  ZooL  800^  18M»  p.  1»08S.) 


Hie  TniMieiite  are  poflaiblr  nearly  allied  to  llie  Sttoiiaalerida^ 
which  Bladen  inelndea  in  fhe  Chyptovnia.  Thw  aie  prorieioBallj 
left  in  the  Fbaneroionia»  nntGl  the  dharacter  of  the  ndamfaalaflni 
plates  oan  be  definitely  determined.  The  ftmHy  ia  intemefiato 
between  the  typical  Phaneroaonia  and  Oiyptcaonia. 

f  8.  STENASTKBp  fiOliagii  1866. 
Op*  cit>ff  p>  17* 
Tm  SPBonEB.— Si0fMilar  aaU&ri.  BiII{ng8»  18S8.    Op.  oifctf  ^ 
pi.  X,  fig.  1.     OrdoTioian:  Oanads.     Jfoii  &  pvIeUha,  Btuiiigi 

Sp.  cit,  p.  79,  pL  z,  fig.  2)  I  nee  A  etrnfiumBf  TmntadhbUt  KalUr. 
jatsch.,  pp.  IWi  110,  pL  xiii,  fig.  6. 

8.  URASTKRKTJ.A,  IbOoj,  1851. 
Brit  FihNi.  FoM.,  £mo.  1.  p.  68. 

Tm  Spnoink  —  ITfwIar  Ailkeial.  Forbes,  IflttB.  ''Brit  Voai. 
Aster.'' :  Hem.  GeoL  Snrr..  toL  ii,  pt  2,  p.  46S.  EKlniiaB :  WeaU 
moreland. 

Amvims. 

This  genus  inblndes  the  SfoiMSisr  pii7slsDiit,  Billfaigi  (opi  cii, 
p.  79,  pi.  X,  fig.  2).  It  hss  often  been  trsated  as  synonymona  with 
Stenaster,  or  merged  in  PalaaBter.  Thas  Salter,^  both  in  1867  sad 
1873,  included  the  type  species  of  Urasterella  and  U.  hirudo  (Forbes) 
in  Palaasteff  whereas  in  1859  be'  included  the  latter  in  Pataatierina. 
In  the  former  proposal  be  has  been  followed  by  most  English  authon, 
asi  e.g.,  Etherldge,'  De  la  Touche,*  and  Woods.' 

4.  PROTASTERACANTHION,  Sttirtz,  1886. 
*'  Beitr.  palaeoz.  Seest." :   PalsDontogr.,  toI.  xxxii,  p.  00. 
Ttpk  Spkcies. — Protcuieraeanthion  primuB,  Stiirtz,  1886.    Op.  dt, 
p.  90,  pi.  xi,  fig.  3.    Lower  Devonian :  Germany. 

5.  SAXTERASTER,  Stiirtz,  1893. 
**  Ueber  vent,  und  leb.  Seest." :  Verb.  natorh.Ver.pTetUM.  Rheml.,  ser.  5,  toI.  x,  p.  43. 
Ttpb    Species.  —  Palaaater    aBperrimuB,    Salter,    1867.      New 
Palsdoz.  Starf. :  Ann.  Mag.  Nat.  Hist.,  ser.  2,  vol.  xx,  p.  325,  pi.  ix, 
fig.  1.    Ordovician  :  near  Welshpool,  N.  Wales. 

Order  2.  CRYPTOZONIA. 
Family  LEPIDASTEBID^. 

DlAGHOSIS. 

Cryptozonia  which  are  heavily  plated,  bat  in  which  there  ars  no 

^  J.  W,  Salter,  "New  Palicoz.  Starfishes":  Ann.  M^.  Nat.  Hirt.,  iw.  S, 
Tol.  xz  (1857),  pp.  325,  326.  Also  Cat.  Cambr.  and  Sil.  Fois.  Cambridge,  Idlh 
p.  163. 

>  In  Murchison's  "  Siloria,"  8rd  ed.,  p.  248,  fir.  56,  No.  2. 

*  K.  Etheridge:  Pres.  Add.,  Quart.  Joum.  GeoT.  Soc.,  toI.  xxxrii  (1881),  Froe., 
p.  173. 

^  Deh  Touche :  Handb.  GeoL  Shropi.,  p.  34. 

»  H.  WoodB :  Cat.  Type  l?ow.  'WwAw.llbaaM  ^.  ^S, 
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special  marginal  plates.  The  ambalaoral  ossicles  are  alternate 
(or  possibly  sometimes  opposite).  The  disc  is  large,  and  the 
rays  short,  thick,  and  blunt  or  olavate.  There  are  no  lateral 
spines.    The  abactinal  plates  are  granular  and  closely  set. 

1.  LEPIDASTER,  Forbes,  1850. 
Dec.  Geol.  Sunr.,  No.  iii,  pi.  i. 

Ttp«   SpEOiKa  —  X.   Orayi,  Forbes,  1850.     Op.  cit     Wenlock 
Limestone:  Dudley. 

2.  ETHERIDOASTER,  noy.  gen. 

Diagnosis. 

Lepidasteridad  with  five  clavate  arras.  The  arms  are  covered 
abactinally  by  three  rows  of  alternating,  hexagonal  plates. 
The  abactinal  surface  of  the  rays  is  occupied  by  the  broad 
adambulacral  ossicles.  Ambulacral  ossicles  opposite  (fide 
De  Koninck). 

Typs  Species. — Palaaster  Clarkei,  De  Eoninck,  1877.  Foss. 
PaL  Nouv.  Galles  des  Sud.,  pt.  iii,  p.  166,  pi.  vii,  figs.  6  and  6a. 
Palaaater  (Monaater)  Clarkei,  R.  Etheridge,  jun.,  1892.  Men.  Carb. 
Invert.  New  South  Wales,  pt  ii,  p.  71,  pi.  ziv,  fip^s.  1,  2;  pi.  xv, 
fig.  4.  Carboniferous  :  Farley  and  West  Maitland,  Northumberlan«l 
County,  New  South  Wales. 

Affinities. 

The  type  species  of  this  genus  has  been  admirably  figured  and 
described  by  Mr.  K.  Etheridge,  jun.,  after  whom  it  is  named.  As 
Etheridgia  and  Etheridgina  and  probably  other  modifications  of  that 
surname  are  preoccupied,  I  follow  the  convenient  Salteraster 
precedent. 

Etheridge  remarked  that  the  starfish  might  have  to  be  removed 
far  from  Palaaater,  and  even  from  the  same  order.  From  the  absence 
of  special  marginal  plates  it  appears  to  me  advisable  to  include  it 
in  the  Cryptozonia.  It  is  allied  to  Leptdaater  by  the  heavily-plated^ 
blunt  arms,  large  disc,  and  wide  adambulacral  plates. 

Reference  to  the  Lepidasteridce  renders  it  advisable  to  remark 
that  the  classification  adopted  in  this  paper  is  probably  wrong  in 
connection  with  this  family  or  with  the  Tseniasteridce.  The  former 
is  included  in  the  Cryptozonia,  as  it  has  no  special  marginal  plates 
and  the  adambulacral  plates  are  very  wide  (transversely  to  the  arm) 
and  resemble  those  of  the  Jurassic  genus  Tropidaater,  It  is  possible 
that  Tropidaater  is  a  later  representative  of  the  Lepidasteridce,  iu 
which  the  abactinal  plates  have  broken  up  into  an  irregular  set  of 
granules. 

But  the  Tsaniasteridse,  in  which  the  adambulacral  plates  act  as 
mai^^als,  and  there  is  no  special  additional  set  of  marginal  ossicles, 
I  have  left  in  the  Phanerozonia.  It  may,  however,  be  urged  that 
the  Tseniasterids  ought  to  go  with  the  Lepidasterids.  The  reason 
why  I  have  kept  them  apart  is  the  idea  that  the  adambulacral  plates 
of  Lepidasterids  are  true  adambulacrals ;  whereas  in  the  Tasniasterids 
these  plates  are  rudimentary,  and  those  described  as  adambulaoraU 
are  really  marginal  plates. 

9BCADM  jy.^^YOL.    YL—IfO,   VIII.  *I'i 
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EXPLANATION    OP    PLATE    XVL 

Fio.  1. — L'mdstromaster  afitiqua  (Hisin^er),  1837. 
,f    la. — Outline  of  actinol  surface  of  ty])e-8pecimen,  nat.  size. 
„     lb. — The  same  magnified  4  diameter*. 

Bed  C,  corresponding  to  the  Wenlock  Shale,  Gotland. 

,,     2. — Pfflaastei-ifia  B(mneyi^  sp.  nov, 

y,    2a. — Abactinal  \iew  of  specimeni  magnified  2  diameters. 

y,    2b. — Actinal  ,,  ,,  ,,  3  diameters. 

Ludlow  Shales :  Leintwardine,  Shropshire. 


in. — A  Discussion  on  the  Use  op  the  Terms  Rook-weathebiho, 
Serpentiniza^tion,  and  Hydrohbtamorphism. 

By  Gkoroe  p.  Merrill, 
Head  Curator,  Dept.  of  Geology,  U.S.  National  Museum,  Washington,  D.C.,  U.S.A. 

IN  the  abstract  of  a  paper  by  Mr.  Thomas  H.  Holland,  read  before 
the  British  Association,  Section  C  (Geology),  Biistol,  189S, 
printed  in  the  January  number  of  this  Magazine,'  on  "The  Com- 
parative Actions  of  Subaerial  and  Submarine  Agents  in  Bock 
Decomposition,"  the  author  brings  up  again  a  question  which  the 
present  writer  has  often  had  occasion  to  face,  and  has  vainly  tried 
to  solve  in  a  manner  entirely  satisfactory  even  to  himself. 

The  question  relates  pnmarily  to  the  limitation  of  the  term 
weathering  as  applied  to  rocks,  and  indirectly  to  the  general  subject 
of  hydrometamorphism  and  metasomatosis  as  manifested  in  the 
production  of  serpentine. 

In  my  work  on  ** Rocks,  Kock- weathering,  and  Soils"  (p.  174),  is 
made  the  following  statement  : — 

"  The  term  weathering,  as  here  used,  is  applied  only  to  those 
superficial  changes  in  a  rock-mass  brought  about  through  atmospheric 
agencies,  and  resulting  in  a  more  or  less  complete  destruction  of  the 
rock  as  a  geological  body,  as  where  granitic  rocks  are  resolved  into 
sand  and  kaolinic  material,  with  libemtion  of  carbonates  of  the 
alkalies  and  of  lime,  and  oxides  of  iron.  It  does  not  include 
thoso  deeper- seated  changes  taking  place  below  the  zone  of 
oxidation  and  which  result  mainly  in  hydration  and  Ihe  production, 
it  may  be,  of  new  mineral  species,  as  chlorite,  sericite,  zeolites,  etc., 
but  during  which  the  rock-mass  as  a  whole  retains  its  individuality 
and  geological  identit3\  The  distinction  is  not  one  that  hais  been 
sharply  insisted  upon,  and,  indeed,  geologists  and  petrologists  as 
a  rule  have  been  extremely  careless  in  their  use  of  such  terras  as 
alteration,  decomposition,  and  weathering.  The  distinction  drawn 
hero  is  essentially  that  made  by  Roth  (Allgemeine  u.  Chemische 
Geologie)  between  Verwitternng  and  Complicirte  Verwitlerung,  For 
reasons  above  stated  and  others  given  on  p.  161,  it  seems  best  to 
limit  the  terms  weathering  and  decomposition  to  processes  involving 
the  destruction  of  the  rock -mass  as  a  geological  body,  and  to 
designate  the  purely  mineralogical,  deeper  -  seated  changes,  as 
alteration,  which  may  or  may  not  be  due  wholly  to  hydrometa- 
mor]>hism." 

*  Grol.  "Mxa.,  3wi\iKri,  \%^9,  ^\\.  30-1. 
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This  is  essentially  the  ground  taken  by  Lindgren  also,^  and  while 
it  may  be  open  to  criticism,  nothing  better,  so  far  as  the  writer  is 
aware,  has  been  suggested. 

Let  us  take  for  purposes  of  discussion  the  serpen tinization  of  the 
mineral  olivine,  as  mentioned  in  the  abstract  of  Mr.  Holland's  paper. 
Tiie  author  states  (p.  31) : — "  In  all  these  cases,  however,  although 
the  action  of  the  atmosphere  is  so  striking,  the  results  are  purely 
superficial,  and  a  specimen  of  rook  taken  from  within  a  few  inches  of 
the  clay  products  seldom  shows  a  trace  of  hydrous  decomposition, 
even  in  thin  sections  under  the  microscope.  This  is  just  as  true  for 
such  delicate  minerals  as  olivine  and  nepheline  as  for  the  commoner 
Hilicates.  In  many  of  the  basic  dykes,  certainly  pre-Cretaceous  and 
probably  Lower  Palaeozoic  in  age,  the  absence  of  serpentine  is  so 
complete  that  unusual  precautions  are  often  necessary  for  the 
determination  of  the  olivine,  whilst  in  the  numerous  occurrences  of 
dunite  throughout  the  Madras  Presidency  serpentine  is  extremely 
scarce." 

Mr.  Holland  would  account  for  this  wide  difference  in  the 
conduct  of  the  olivine  in  Indian  and  European  localities  on  the 
supposition  that  the  European  areas  had,  during  the  later  geological 
periods,  been  submerged  below  the  sea,  while  in  southern  India  there 
nre  no  evidences  of  any  such  depression  since  Lower  Palceozoic  time. 

Just  what  would  be  the  effect  of  prolonged  submergence  in  sea- 
water  on  a  mass  of  olivine  rock  the  writer  is  not  prepared  to  say, 
but  he  does  express  the  doubt  if  simple  weathering  of  the  mineral 
is  ever  productive  of  serpentine.  Has  there  been  ever  advanced 
any  proof  that  serpentinization  is  a  superficial  phenomenon  ?  If 
doe  to  weathering  we  ought  somewhere  to  meet  with  masses  which 
are  superficially  converted  into  serpentine  and  gradually  resume 
their  normal  character  at  greater  depths. 

So  far  as  is  to  be  judged  from  available  literature  the  olivine 
granules  in  any  mass  of  rock,  however  dense,  show  no  greater 
degree  of  hydration  (serpentinization)  near  the  surface  or  along 
contacts  where  surface  waters  would  most  readily  permeate,  than  in 
the  interior  of  the  mass.  Further  than  this,  serpentinization  is  as 
common,  so  far  as  the  United  States  is  concerned,  in  the  arid 
portions  of  the  West  as  in  the  humid  East.  In  fact,  this  phenomenon 
is  apparently  entirely  independent  of  climatic  conditions.  Is  not 
the  inference,  then,  fair  that  the  process  has  gone  on  entirely 
independent  of  surface  waters  ? 

Although  convinced  that  excepting  in  the  purely  physical 
weathering  of  arid  regions  hydration  is  a  most  important  factor,* 
the  absence  of  any  but  a  very  narrow  zone  of  hydration  products 
between  the  residual  clay  and  fresh  rock  is  not  at  all  strange. 
Much  depends  on  the  texture  of  the  rock  and  its  mineral  com- 
position. In  oases  where  the  weathering  is  largely  in  the  nature  of 
solution  and  oxidization  such  abrupt  changes  are  to  be  expected. 
The  Fourche  Mt.  syenite,  of  Arkansas,  an  almost  purely  feldspathic 

'  17th  Ann.  Rep.  U.S.G.S.,  1896-6,  pt.  ii,  pp.  90-6. 
'  "  Rocks  and  Kock- weathering,"  pp.  IftS,  1^4,  e\A. 
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rook,  {NMM  within  the  spMw  of  2oiii.  from  a  Sno  ved4m>wii 
imotioos  oUy  to  a  mtMiTe  iroah  nnohttigod  feldtpftr :  tho  nephaUM 
of  the  nepheline  qrenite  of  Hiae  in  the  Unle  ia  ealen  onft  below  At 
8ar!lM)e  of  the  more  refinetory  ftldspar,  mioat  xiroona,  eto^  bnt  fpmi 
in  the  doaed  tube  only  traoea  of  water  and  diowa  vnder  the  mioio- 
aoope  only  incipient  atagea  of  hydration. 

My  own  Tiew  of  the  oaae  iai  that  the  two  phenomena  are  dna  to 
widely  different  oauaea  ;  that  aerpentf niiation  ia  a  deep  -  aaatrf 
prooeea  due  to  watera  or  vapoara  ooming  fh>m  oonaideraUe  depths 
and  it  may  be  even  oonatitnenta  of  the  magmaa  at  the  time  of  thair 
intruaion.  The  almoat  complete  abaenoe  of  oxidintion  pradoola 
in  freah  aerpentine  ia  indioatiTo  of  thia.  Again^  aerpantiniation 
ia  a  prooeaa  invoMng  a  greater  degrae  of  hydrauon  than  ia 
weathering.  The  torpentiniied  oliTine  rook  of  the  Nijni  TugOak 
platinum  dtatriot  yielaa  14*21  per  cent  of  water,  while  the  brovn 
oruat  whioh  reaulta  from  ita  weathering  yielda  bnt  11*74  per 
oent.  The  aerpentine  of  Harford  County^  Maryland,  further, 
showa  a  loaa  on  ignition  of  18-15  per  oent»^  while  the  hard 
red-brown  oruat  produced  on  the  immediate  anrfiuMt  threagh 
weathering,  loaea  but  11*82  per  oent  and  the  raaidoal  aoil  Mb 
7*89  per  cent  In  the  aame  manner  aoila  derived  by  weatbaring 
from  other  highly  hydrated  magneaian  rooka,  aa  the  ao-oalled  aoap- 
stone  (altered  pyrozenitea),  ahow  a  very  oonaideraUe  loaa  of  water, 
even  though  the  actual  loaa  on  ignition  in  the  reanltant  aoil  may  be 
a  trifle  greater  than  in  the  fresh  rook. 

These  facts  are  mentioned  in  detail  here  since  they  do  not  aeem  to 
have  been  before  noted,  or  at  least  their  significance  not  realized. 
If  serpentinization  were  a  product  of  weathering,  a  shorter  exposure 
to  atmospheric  influences,  as  in  India,  ought  to  result  in  merely 
a  thinner  coating  of  serpentine  over  the  altered  material.  Were  it 
a  result  of  subaerial  agencies,  certainly  the  superficial  alteration  of 
olivine  into  serpentine  ought  to  be  more  nearly  universal.  Yet,  in 
several  instances,  as  notably  in  the  corundum  areas  of  western 
North  Carolina,  the  olivine  is  almost  perfectly  fresh,  but  on  tbe 
immediate  surface  rotted  away  to  a  ferruginous  clay. 

That  this  process  of  hydration,  hydrometamorphism,  or  alteration, 
whichever  term  may  be  used,  is  quite  distinct  from  true  weathering, 
is  further  shown  by  the  corundum  crystals  of  this  same  region, 
l^hese  are  often  superficially  or  quite  altered  to  damourite.  Yet 
both  the  corundum  and  the  alteration  products  are  so  reaiatant  to 
weathering,  that  they  remain  among  the  residues  in  the  olaye 
resulting  from  the  decomposition  (weathering)  of  the  mother  rock,  • 
whatever  that  may  have  been.  Serpentine  pseudomorpha  after 
pyroxene  are  sometimes  more  refractory  than  tbe  rock  in  which  tbey 
are  formed,  and  may  be  found  with  well-preserved  crystal  outlioeB 
in  the  debris  resulting  from  its  breaking  down.'     When  rooks  Uka 

^  In  part  due  to  C  0,  though  the  amount  of  this  constituent  cannot  be  otw  3  or 
4  per  cent. 

=*  J.  Smith,  *«  Crystals  from  Decomposed  Trap  "  :  Gkol.  Mao.,  Dec.  IV,  Vol.  ^ 
(1899),  p.  93. 
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• 
the  Nijni  Tagilsk  peridotites,  whioh  are  largely  serpentinized  but 
still  contain  residaary  olivines,  undergo  actual  weathering,  the 
olivines  do  not  yield  serpentine,  but  break  up,  as  does  the  serpentine 
itself  into  free  iron  oxides,  free  silica,  carbonates  of  magnesia,  and 
unrecognizable  earthy  products. 

The  ideas  put  forward  in  this  paper  are  not  altogether  new,  and 
are  in  part  in  harmony  and  in  part  in  conflict  with  those  advanced 
by  others. 

Thus  Bischoff  says :  ^  "  The  decomposition  of  a  rock  takes  place 
only  when  it  is  exposed  to  the  undisturbed  action  of  atmospheric 
agents ;  while  alteration,  on  the  contrary,  takes  place  when  the  rock 
is  more  or  less  l>eyond  the  reach  of  this  action."  On  the  other 
hand,  Roth,'  to  whom  we  owe  so  much,  speaks  of  both  serpentine 
and  zeolites  as  products  of  weathering  (Verwitlerung),  but  in  his 
latest  work '  he  so  far  changes  his  views  or  mode  of  expressing  them 
as  to  call  the  deep-seated  process  ComplicirU  Verteitterung,  in  dis- 
tinction from  the  purely  superficial  Vermtterung,  due  to  atmospheric 
action.  Moreover,  in  the  paper  "Ueber  den  Serpentin,**  to  which 
reference  is  made  above,  he  describes  the  processes  and  results 
incidental  to  the  Verwttterung  of  the  serpentine  quite  independently 
of  those  incidental  to  its  first  production. 

Teall  *  apparently  accepts  unhesitatingly  ideas  contrary  to  those 
expressed  by  myself,  for  he  says:  "The  alteration  of  olivine  by 
surface  agencies — water,  carbonic  acid,  and  oxygen — ogives  rise  to 
serpentinous  and  other  pseudomorphs.'* 

Consideration  along  these  lines  led  the  present  writer  in  the  work 
to  which  reference  has  been  made  to  attempt  making  a  distinction 
between  true  weathering  and  the  more  deep-seated  process  which  he 
called  hydrometamorphism.  Surely  processes  so  widely  different  as 
those  resulting  in  the  production  of  a  serpentine  from  a  peridotite 
and  the  final  destruction  through  oxidation,  carbonization,  and  partial 
dehydration  of  this  same  serpentine,  should  not  be  confounded 
under  the  same  name.  The  distinction,  it  is  true,  is  not  one  that 
can  at  all  times  be  readily  made.  As  the  petrologist  finds  difficulty 
in  separating  his  plutonic  from  the  effusive  rocks,  so  here  are  no 
hard  and  fast  lines,  and  it  is  often  impossible  to  state  at  jupt  what 
point  one  shall  assume  that  superficial  processes  cease  and  the  deep- 
seated  begin.  The  writer's  conclusions  are  to  the  effect  that  the 
zone  of  oxidation  forms  the  natural  and  easiest  recognizable  limit. 
The  processes  within  this  zone  are  those  of  weathering ;  those  below, 
whether  brought  about  by  superficial  waters  deprived  of  their  free 
oxygen  and  carbonic  acid,  or  by  deep-seated  waters  welling  upwards, 
are  those  of  hydrometamorphism,  metasomatosis,  alteration,  or 
whatever  suitable  name  may  be  adopted. 

1  '*  Chemical  and  Physical  Geology,*'  Paul  &  Drummond*8  English  translation, 
1854,  vol.  iii,  p.  86. 

'  **  Uber  den  Seqxmtin,  etc."  :  Abhandl.  der  K.  Akademie  der  Wiss.  zu  Berlin, 
ii  (1869),  p.  42. 

*  **  AllcMremeine  n.  Chemiscbe  Geologie,*'  1893. 

*  «*  Britwh  Petro^raphj,"  p.  85, 
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In  coQolusioQ,  one  might  urge  the  necessity  of  closer  observations 
regarding  the  formation  of  serpentine  from  olivine  or  other  anhydrous 
magnesian  silicates.  That  it  is  through  a  process  of  hydration  is 
self-evident,  but  as  to  the  conditions  under  which  it  goes  on 
literature  is  strangely  silent.  Is  the  process  still  going  on  in  the 
exposed  masses  now  open  to  our  inspection,  or  is  it  at  a  standstill? 
The  wnter  is  of  the  present  opinion  that  both  this  process  and  that 
resulting  in  the  formation  of  zeolites  and  chlorites  have  ceased,  so  far 
as  material  available  for  study  is  concerned.  They  are  due  to 
oonditionfl  which  do  not  exist  on  the  immediate  surface,  except  it 
may  be  in  such  sporadic  and  unusual  occurrences  as  those  of 
Plombieres,  or  those  more  recently  described  by  F.  Gounard*  and 
by  Lacroix.'  This  paper  is,  however,  written  more  for  the  purpose 
of  eliciting  the  opinions  of  others  than  of  expressing  those  of  the 
writer. 


IV. — WooDWARDiAN  MusEUM    NoTKs  :    A  Nbw  Trilobite    from 

Mount  Stephen,  Fielp,  B.C. 

By  F.  R.  CowpBB  Rebd,  M.A.,  F.G.S. 

A  REPRESENTATIVE  collection  of  fossils  from  the  Middle 
Cambrian  beds  of  Mount  Stephen,  Field,  British  Columbia, 
has  recently  been  brought  back  by  Mr.  S.  H.  Reynolds,  M.A.,  F.G.S., 
and  presented  to  the  Woodwardian  Museum.  The  fauna  has  been 
described  by  Rorainp^er^  and  Waloott* ;  and  the  latter*  has  compared 
it  to  that  from  the  Highland  range,  near  Pioche,  Nevada,  and  from 
near  Antelope  Spring,  Western  Utah.  The  section  at  Field  has  been 
described  by  Mr.  R.  G.  McConnell.'' 

The  collection   made   by   Mr.  Reynolds  contains   the    follow  in 
species : — 

Ofjugops'is  Klotzi  (Roniinf^or). 

OijtjfjopsiSy  Hp. 

Bdtht/urincnx  ITowelli  (Walcott). 

OfeNoidcs  nevadeiisis  (Meek).' 

Olenoidc*  cf.  quudiicepa  (Hall  &  A\Tiitfield). 

Ptijchoparia  CordiUenc  (Roniinger) . 

IHijchoparia,  sp. 

*  Bull,  de  la  Societe  Mineralogiqiie  de  France,  vol.  v  (1882),  p.  268. 
'  Comptes  Rendus  Paris  Acad.  Sci.,  vol.  xxiii  (1896),  p.  761. 

'  C.  Rominger,  "  Descriptiou  of  Primordial  Fossils  from  Mount  Stephens,  Xorth- 
West  Territory  of  Canada  '^  :  Proc.  Acad.  Nat.  Sci.  Philadelphia  (1887),  p.  12,  pi.  i. 

*  C.  I).  XValcott,  **  Cambrian  Fossils  from  Mount  Stephens,  North-West 
Territory  of  Canada":  Amer.  Joum.  Sci.,  ser.  in,  vol.  xxxvi  fl888),  p.  163. 
**  Descriptions  of  New  Genera  and  Species  of  Fossils  from  the  Middle  Cambrian  *': 
Proc.  U.S.  Nat.  Mus.,  vol.  ii  (1889),  p.  441. 

*  Correlation  Papers,  Cambrian  :  Bull.  U.S.  Geol.  Surv.,  No.  81  (1891),  pp.  170-1, 
326-7,  360-1,  366,  and  pi.  ii. 

^  Geol.  Surv.  Canada,  new  ser.,  vol.  ii  (1886-7),  pp.  24d-30d. 

'  Matthew  (Trans.  Roy.  Soc.  Canada,  ser.  ii,  vol.  iii  (1897),  sect,  iv.  No.  7j 

p.  186)  contends  that  Dames'  name  Dwypyrje  (Dames  in  Richthofen's  *'  China," 

IV :    Beitr.  z.  Palaont.,  1883,  p.  23,  t.  i,  ^<^.  1-6)  has  the  priority  of  Olenoide*. 

Matthew  here  describes  a  variety  of  OUnoidft  {^Thryptjge)  qttadricfpt  from  the  St.  John 

Group  of  flastiDgs  Cove. 
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Agiiottut  inttntriclnt  (White), 
Oryeloefpialut  Styiutldn,  n.ip. 
Atretitta  gttnma  (Billingi). 
Xutorgina  pannula  (White). 
linffultlla  rlla  [HttU  &  Whitadd)  ? 
Sttttlta  ci.  rariaiH  [Wdcott). 
ByoUOut,  >p. 

All  the  above  trilobttea  hav«  been  recorded  previously  with  the 
exception  of  OlenoiAea  of.  qvadrieepa  and  Oryetoeephalut  Bej/noldii, 
n.8p.,  the  latter  of  whioh  I  liave  much  pleasure  in  naming  in  honour 
of  its  discoverer.  The  epeoimen  is  of  peculiar  interest  as  it  oonsistx 
of  a  oomplete  individual  in  perfect  preservation,  whereas  our  previous 
knowledge  of  the  genus  ha«  been  restricted  to  the  disoonneoted  head- 
•hielda  and  pygidia  of  Oryelo.  priaiut  described  by  Walcott. 


Oryetocephalv*  Bctynoldii,  n.sp. 
Head-shield  transversely  semiciroular,  broati,  short,  more  than 
twice  M  broad  as  long.  Glabella  elongate,  cylindrical,  sides  parallel ' ; 
reaches  margin;  front  rounded;  surface  marked  by  four  pairs  of 
tranaverae  furrows.  The  three  anterior  pairs  of  transverse  furrows 
are  equidistant,  and  terminate  in  small  deep  pits  within  the  margin 
of  the  glal>ella;  each  furrow  is  shallow  and  arches  slightly  bnok- 
wards  in  the  centre,  A  shallow  groove  parallel  to  the  axal  furrow 
oonuects  the  pits  on  each  side  longitudioally.  The  fourth  transverse 
fnrrow  crosses  the  base  of  the  glabella  at  a  diatanoe  from  the  third 
furrow  rather  greater  than  the  latter  from  the  aeoond  or  the  second 

*  Owing  to  ilight  cnuhing  the  glabella  in  oar  specimen  sppesn  to  be  tli^tttl^ 
widst  in  mot  Ihu  at  the  ba«e. 
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from  the  llrati  and  is  ttrangisr  lad  deeper  fliaa  the  ofli0K%  hit 
similarly  doee  ndt  reeoh  the  axel  farrowi^  terminating  on  eaoh  tide 
in  an  ebngated  pit  within  them,  and  thae  marking  off  inoompleto^ 
the  strong  roanded  oodpital  ring.  Azal  fumiws  stsai^t  and 
strongly  defined. 

Fixed  dheeks  nearly  as  broad  as  glabella  behind  ooolar  ridge^  bat 
narrower  in  front  of  it  No  frontallimb  praaent^  as  glabella  Tsabhsi 
margin.  Margin  narrow,  rdsed,  and  ronndedi  with  oopoenlris 
striations  on  lower  snrboe.  Pslpebrsl  lobe  arohed  oatwardi^ 
narrow,  long^  with  a  groove  separating  it  from  fixed  eheeha.  Ooakr 
ridge  narrow,  oontinnons  with  palpebnd  lobe  and  toadung  i^absUa 
just  in  front  of  anterior  transverse  fiirrow* 

Free  oheeks  nairow,  slightly  longer  than  fixed  oheehs  and 
reaohing  further  badk,  famished  with  narrow  raised  margin,  prodoosl 
at  genal  angles  into  long  straight  spines  obliquely  direotod  oatwardi 
and  backwards  and  nesrly  as  long  as  tiie  thonz. 

Neck-furrow  at  bsse  of  ohem  strong,  makes  a  andden  short 
backward  bend  where  it  crosses  from  the  fixed  on  to  the  fipee  ohesk; 
neck-ring  narrow. 

Thorax  composed  of  seven  segments ;  narrower  than  the  hesd- 
ehield,  being  only  the  width  of  the '  middle-shield.'  Axis  cylindriosl, 
expanding  slightly  in  width  towards  the  middle,  thm  gradodly 
tapering  to  the  pygidinm ;  narrower  than  pleam  on  eaoh  side.  Axat 
farrows  deep.  Axial  rings  rather  wide,  eaoh  possessing  medisn, 
slender,  short  spine  (crashed  down  on  body-ring  or  broken  off) ;  the 
spine  on  the  last  one  is  longer  than  the  others. 

Pleuraa  wider  than  axis,  flattened  and  horizontally  extended  end. 
in  close  contact  for  three-fourths  of  their  length,  beyond  which  point 
they  become  free,  are  slightly  bent  downwards  and  backwards, 
contracting  rapidly  into  slender,  rounded,  sharp  spines.  Eaoh  pleors 
is  marked  with  a  strong  diagonal  furrow  curving  backwards  from 
the  inner  anterior  angle  on  the  azal  furrow  to  the  base  of  the  spine. 

Pygidium  large,  nearly  as  long  as  thorax,  wider  than  long,  with 
straight  anterior  edge ;  composed  of  six  segments.  Axis  long, 
narrow,  conical,  obtusely  pointed,  consisting  of  five  complete  rings 
and  a  small  terminal  segment,  marked  off  by  regular  transverse 
furrows.  The  axis  does  not  reach  tlie  posterior  margin,  being  only 
about  two-thirds  the  length  of  the  pygidium.  Lateral  lobes  oom- 
posed  of  six  fused  pleum.  The  first  three  are  of  equal  size  and 
preserve  nearly  the  same  width  for  their  whole  length,  but  end  in 
finely  pointed  slender  spines  projecting  freely  beyond  the  maigin 
and  directed  obliquely  backwards,  similar  to  those  of  the  thoraoio 
pleuraa.  Each  pleura  is  also  marked  by  a  strong  diagonal  fnrrow, 
but  the  interpleural  furrows  are  almost  obsolete,  so  that  the  plenrao 
appear  fused  together.  The  fourth  pair  of  pleum  are  of  the  same 
width  at  their  base  as  the  preceding  ones,  but  expand  towards  the 
pygidial  margin,  beyond  which  they  taper  into  long  free  stout  spines 
directed  backwards  and  slightly  outwards,  parallel  to  the  spines  of 
Dw  first  three  pleur»  but  at  least  three  times  their  length,  giving 
a  diatinotiye  and  striking  a^poaxQXiQb  \a  \Sci^  ^^^gLdinnu     A  strong 
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diagonal  furrow  crosses  each  of  tbese  foorth  pleurse,  but  is  not 
continued  on  to  the  free  spine.  The  separation  of  this  pair  of  pleurse 
from  the  fifth  pair  is  well  marked  by  distinot  interpleural  furrows. 

The  fifth  pair  of  pleursB,  which  are  short  and  wider  towards  their 
extremity  than  at  their  base,  are  directed  backwards  and  slightly 
outwards,  ended  in  short  ronnded  spines  projecting  freely  beyond 
the  margin.  The  sixth  pair  of  pleursd  ai*e  fused  together  in  the 
middle  line  directly  behind  the  axis,  but  are  separated  by  a  well- 
marked  furrow  from  the  preceding  pair,  which  they  resemble  in 
shape.  They  are  directed  straight  backwards,  and  end  in  short 
rounded  spines  of  the  same  size  as  those  of  the  fifth  pair  and  likewise 
projecting  freely  beyond  the  margin.  The  strong  diagonal  furrows 
of  this  sixth  pair  of  pleuree  are  parallel  to  each  other,  and  run  down 
the  centre  of  each  pleura  to  the  base  of  the  spine. 


Measurbmbnts. 

mm. 

Length  of  specimen 

••• 

17-5 

,,        head -shield  ... 

60 

,,        thorax 

6-5 

„        pygidium      ... 
Width  of  head.shield    ... 

50 

14-5 

,,        thorax  (front  end) 

9-6 

„        pygidium 

8-5 

Affinities, — ^There  has  been  only  one  species  (0.  primus,  Walcott)  * 
described  belonging  to  this  genus,  and  to  this  form  0.  Beynoldsi 
bears  a  very  close  resemblance.  The  head-shield  offers  scarcely  any 
points  of  difference,  but  the  palpebral  lobes  of  our  new  form  are 
longer,  and  the  genal  spines  are  also  more  elongated.  The  thorax  of 
Walcott's  species  is  unknown.  The  pygidium  of  our  form  differs  by 
its  shorter  axis  not  reaching  the  posterior  margin,  by  the  possession 
of  six  instead  of  five  pairs  of  pleursB,  by  their  diagonal  furrows  and 
by  the  relative  development  of  their  free  pointed  extremities.  The 
number  of  segments  in  the  axis  is,  however,  the  same,  and  the  freely 
projecting  points  of  the  pleurse  with  the  reduced  length  of  the  last 
pair  behind  the  axis  give  a  general  appearance  of  similarity. 

Though  the  head-shield  shows  such  distinct  and  unique  features, 
particularly  in  the  lobation  of  the  glabella,  the  resemblance  of  the 
pygidium  to  that  of  several  species  of  Olenoides  (0.  quadriceps, 
Meek,  O.  wahsatchensis,  Hall  &  Whitfield,  0.  Fordi,  Walcott) 
deserves  notice.  The  pleursd  recall  those  of  Paradoxides,  while  the 
spinose  rings  of  the  axis  remind  one  of  Olenoides  {Zacanthoides) 
iypicalis  (Walcott)  and  0.  iievadenais  (Meek). 

Oryctocephalus  primus  (Walcott)  is  found  in  the  Middle  Cambrian 
Limestone,  east  of  Pioche,  Nevada,^  but  so  far  as  I  know  the  genus 
has  not  been  recorded  elsewhere. 

*  Ball.  U.S.  Geol.  Surr.,  No.  30  (1886).  **  Cambrian  Faunas  of  North  America/' 
pt.  2,  p.  210,  pi.  xxix,  tigfl.  3,  3a:  Tenth  Ann.  Rep.  U.S.  Geol.  Surv.,  18b8. 
••  The  Fauna  olthe  Olenellus  Zone,"  p.  663,  pi.  xcv,  figs.  4,  4a, 

■-*  Walcott:   Bull.  U.S.  Geol.  Surv.,  No.  30  (1886),  p.  210. 
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Deposits  of  Obnihgen,  Southern  Germany. 
By  Dr.  C.  I.  Forsyth  Major,  F.Z.S. 

(PIATE  XVII.) 

IN  the  Geological  Department  of  the  British  Museum  (Natural 
History)  are  preserved  a  certain  number  of  slabs  from  Oeningen, 
exhibiting  skeletons  of  Rodents.  Partly  owing  to  unskilful  de- 
veloping, partly  to  the  absence  of  the  counterpart-slab,  several  of 
them  are  in  such  a  crushed  and  otherwise  imperfect  condition,  that  in 
some  cases  not  even  the  genus  couhl  be  made  out  with  certainty  ; 
which  is  equivalent  to  saying  that  their  interest  is  little  beyond  that 
of  mere  curiosities.  On  closer  examination  it  appeared  to  me  that 
in  some  instances  the  case  was  not  quite  so  hopeless,  and  that  by 
carefully  developing  the  more  important  parts  still  concealetl  by 
the  matrix,  a  more  satisfactory  state  of  things  might  be  obtained. 
The  following  pages  are  an  account  of  the  result  arrived  at. 

llie  splendid  series  of  Oeningen  Fossils  in  the  British  Museum 
(Natural  Histoi'y)  formed  part,  with  a  few  exceptions,  of  Professor 
van  Breda's  collection  in  Haarlem,  which  was  purchased  of  the 
Executors  of  Dr.  de  Haan,  his  son-in-law,  in  1871  by  the  Trustees 
of  the  British  Museum.  Dr.  Henry  Woodward  informs  me  that 
most,  if  not  all,  of  these  specimens  were  collected  in  the  quarries 
of  Oeningen  by  Oswald  Heer,  when  a  young  man  struggling  to  pay 
his  own  college  fees  at  the  University,  and  by  him  transmitted  for 
purchase  to  Professor  van  Breda.  (JSee  Obituary  of  Prof.  0.  Ueer, 
Geol.  Mao.,  1883,  Dec.  II,  Vol.  X,  p.  676.) 

1.  SciUKUS  Brbdai,  H.  v.  Meyer. 

Seiurus  Bredat,  H.  v.  Meyer:  Neues  Jahrbuch,  p.  472(1848) ;  Schlosser, 

Die  Nager  des  europaischen  Tertiars,  Palaeontographica, 

xxxi,  p.  88  (1884). 
Seiurus  spermophilinuSf  Deperet :  Arch.  Mus.  Lyon,  iv,  p.  152,  pi.  xiii, 

figs.  14,  14a  (1887) ;  v,  p.  48,  pi.  i,  figs.  2G,  27  (1892)  ; 

Forsyth  Major,  Proc.  Zool.  Soc.  London,  p.  193,  pi.  x, 

figs.  4-9  (1893). 

The  only  reference  made  by  H.  v.  Meyer  to  this  name  is  to  the 
effect  that  it  refers  to  a  new  species  of  Sciurua,  from  Oeningen,  and 
preserved  in  the  van  Breda  Collection  at  Haarlem.^ 

Amongst  the  MSS.  of  H.  v.  Meyer,  deposited  in  the  Munich 
Palaeontological  Museum,  Schlosser  came  upon  a  rough  ('  fliichtige ') 
skatoh  of  the  specimen,  representing  the  mandible,  scapula,  humerus, 
and  hind-limbs;  he  was  thus  enabled  to  give  the  following  measure- 
ments (in  millimetres) :  scapula,  16  ? ;  humeras,  26*5 ;  femur,  34 ; 
tibia,  36 ;  metat  iii,  12  ;  diastema  between  incisors  and  premolar,  6  ; 
length  of  cheek-teeth,  7  (p. — m.  2,  54).  Schlosser  adds  that  the  limbs 
are  remarkably  short  as  compared  with  the  length  of  the  teeth-row, 

^  "  .  •  .  .  das  erste  Stiick,  welches  ich  in  der  reichen  Sammlong  des  Professon 
Tan  Breda  erblickte,  war  ein  neuer  Nag[cr  von  Oeningen,  dom  ich  den  Namen  ifciuruit 
Breda*  beigelegt  habe."     (Neues  Jahrb.,  p.  472,  \^\A.) 
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and  fliat  the  ipeoiat  may  be  idantioal  with  (ma  of  tfaa  Bdmrw» 
from  Santan.^ 

Several  yean  afterwardai  'Seianit  BnAd*  ia  by  the  same  anthor, 
without  jaatifioation,  given  aa  a  tynonym  of  Samnu  Oerwaimmmi, 
Lart,  from  Sanaan,  and  of  Sofaraa  tpmrnofiilmm,  Dep^  finom  Ia 
Grive-Saint-Alban  (Istee}.* 

To  thia  idehtifioaUon  Dep6rat  rightly  obaerrea*  that  there  hi  no 
snffioient  reason  for  the  ataamption  of  apeoifio  identitj  betweea 
Sc.  Bredai  and  8c.  $perwu)pkilumM ;  in  faot,  dunenaiona  oloat  an 
a  very  unsafe  oriterion  to  rely  upon  for  apeoifio  diatinotioa  or 
identifioation.  The  same  mnat  be  aaid  of  S&  CfervoMmammM,  I«it* 
from  Sansan,  whioh  might  oome  into  oonaideration  aa  a  ajnonni 
of  Sc.  Bredait  ainoe  bow  Lartet  and  Qervaia  atate  it  to  be  anMlkr 
than  5c.  vulgaria,  wherein  it  agreea  with  the  Oeningen  aarineL 
But  no  other  oharaotera  are  given  of  the  Sansan  foniC  and  TQhdl, 
in  his  monograph  of  Sansan/  says  that  he  ia  unacquainted  with  tte 
specimens  mentioned  by  his 

In  the  "  Catalogue  of  Uie  {"ossil  Mammalia  in  the  Britiah  Mi 
(Natural  History)/**  Ljdekker  refers  to  the  speoimen  No.  4iJBM, 
from  Oeningen,  in  the  following  words  :— 

*'8eimni$,  sp.  (o£  S.  hredait  H*  ▼•  M^yer). 

42,826.  The  muoh  omshed  skeleton  of  a  Todent,  ptobaUy  he> 
longing  to  the  present  genus,  from  the  Upper  Miooene  of  OeningsB* 

Switzerland.  It  is  not  improbable  that  this  specimen,  which  indi- 
cates an  animal  rather  smaller  than  5.  vulgarian  may  belong  to 
Meyer's  ill-defined  8.  hredai,  which  Scblosser  suggests  may  be 
identical  with  one  of  the  Sansan  species.  Van  Breda  Collection, 
rurchased  1871." 

Both  Sclilosser,  in  1884,  and  Dep6ret,  in  1892,  state  that  the  type 
of  Scinrns  Bredai  is  at  Haarlem ;  thera  can  be  no  doubt,  therefore, 
that  it  is  the  No.  42,826,  which  has  been  incognito  in  the  British 
Museum  (Natural  History)  since  1871,  when  the  van  Breda 
Collection  was  purchased  "  from  the  executors  of  Dr.  de  Haan,  of 
Haarlem." '     My  reasons  for  this  assumption  are  very  obvious,  for : 

(1)  No.  42,826  is  the  only  specimen  of  8eiuru$  from  Oeningen 
in  the  vau  Breda  Collection. 

(2)  The  bones  mentioned  and  measured  by  Scblosser,  after 
H.  V.  Meyer's  sketch  of  the  type,  are  present  in  the  British  Museum 
specimen,  and  in  such  a  condition  that  the  measurements  published 
by  Scblosser  could  be  taken  from  them.  The  slight  divergences 
between  the  latter  author's  measurements  and  my  own  are  sufficiently 
explained  by  the  fact  that  the  former  were  not  taken  from  the 
original  but  from  a  rough  sketch,  and  that  my  accurate  meaanrements 

^  Palaeontographica,  xxxi,  p.  88  (1884). 

«  Beitr.  Pal.  Oestr.-Ung.,  viii,  pp.  470,  471  (1890). 

'  Arch.  Mu8.  Lyon,  v,  p.  60  (1892). 

*  H.  Filhol,  **  Etudes  sur  les  Mammif^res  fossiles  de  Sansan** :   Ann.  8cL  G^l.: 
xxi,  20,  No.  1,  pp.  38,  39  (1891). 

*  Parti,  p.  211  (1886). 

^  Cat  Fo88,  Mamm.,  i,  p.  ni. 
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sonld  only  be  taken  after  some  of  the  bones  had  been  fully  developed. 
rhey  are  as  follows  :-— 


mm. 


Scapula 

•  •  • 

...    -ioo 

Humerus 

•  •  • 

...     26 

llna 

. 

...     28 

Femur 

•  ■  • 

...     32-6 

Tibia 

•  •  • 

...     37 

Metat.  ili 

•  •  • 

...     13 

Calcaneas 

•  •  • 

...     13-0 

Lower  p.- 

-m. 

2 

«  •  • 

...      6 

I  must  postpone  the  description  of  the  limb-bones  for  a  future 
opportunity,  when  limb-bones  of  recent  species,  it  is  hoped,  may  be 
available  for  comparison.  The  characters  of  the  teeth  come  in  the 
first  line  for  a  comparison  with  other  Miocene  squirrels.  When  the 
lower  incisor  of  the  Oeningen  fossil  was  laid  bare,  it  revealed 
a  longitudinal  striation  of  the  enamel ;  this  peculiarity,  by  itself,  at 
ODoe  settles  the  question  as  to  the  affinities  of  the  Oeningen  squirrel. 
In  the  Sc.  sperm ophilinus,  Dep  ,  from  La  Grive,  I  have  described  and 
figured  the  same  character  of  the  lower  incisors ;  *  so  that  the  identity 
of  the  La  Grive  species  with  Sc,  Bredai  is  fairly  establitihed. 

The  lower  molars  in  the  Oeningen  specimen  are  unfortunately 
much  worn  and  ra.  3  is  missing,  so  tiiat  I  am  unable  to  verify 
two  other  characters  which  I  have  described  in  Sc.  spermophilinus 
and  by  which  it  agrees  with  some  Oriental  squirrels,  viz.,  the  great 
elevation  of  the  an tero- internal  cusp  and  the  elongation  of  m.  3. 

2.  Laqopsis  vkrus  (Honsel). 

Lagomys  Oeningennis,  H.  v.  Meyer:  Neues  Jahrbuch,  p.  58  (1836); 

p.p. ;   id.,  Fossile  Siingethiere,   etc.,  von    Oeningen,  p.  6, 

pi.  iii,  fig.  1  (1845) ;  Biedermann,  Petref.  aus  d.  Umgegeud 

von   Winterthur,   II,  Die  Braunkohlen   von   Elgg,  p.   13,^ 

pi.  iii,  figs.  1-3  (1863) ;  Lydekker,  Cat.  Foss.  Mamm.  Brit. 

Mus.,   i,   p.   256    (1885),   specim.   No.  42,815  (42,816?, 

42,820?). 
Lagomys  vertis,  Hensel :  Zeitschr.  deutsch.  geol.  Ges.,  viii,  p.  688, 

pi.  xvi,  figs.  12,  13  (185G) ;  Deperet,  Arch.  Mus.  Lyon,  iv, 

p.  164.  pi.  xiii,  figs.  IG.  17  (1887). 
Titanomys   vinenovlensis,  H.  v.  Meyer:    Palaeontogr.,  xvii,    p.  228 

(1870) ;  p.p. 
Lagomys  (Lagopsis)  Oeningensts,  Sohlosser:  Palaeontogr.,  xxxi,  p.  13 

(1884) ;  p.p. 
Lagomys  (Lagopsis)  verm,  Schlosser :  op.  cit,  p.  13,  pi.  xii,  figs.  40, 

46,   49    (1884)  ;    Deperet,   Arch.   Mus.   Lyon,    v,   p.  57 

(1892);   p.p. 

Laurillard  was  the  first  to  recognize  that  lagomorphous  Kodentia 
oocur  at  Oeningen,^  whereas  a  specimen  in  the  British  Museum, 

>  P.Z.S.,  p.  191,  pi.  X,  fi<r.  o  (1893). 

*  R.  I.  Murchison,  "  Ou  a  Fossil  Fox  found  at  Oeninjo^en,  near  Constimre,  etc.'*  : 
Trans.  Greol.  See.  I.K)n(lon,  iii,   2,  p.  285  (1832).     *' Another  animal  of  this  order 
[i.e.   Rodentia][  was  brouf^lit  from  tho  quarries  this  year  by  Profe»iSot  S«d.^ViV, 
which  M.  Laurillard,  of  the  Jardin  du  Koi,  Paris,  releia  to  Lagomys?^ 
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previondy  fignxed  by  Eoaig^  had  been  awignecl  by  die  laftlar  to  Iht 
genus  itrnvma,  under  the  name  of  ^Mmia  Omdrnfmuin} 

In  his  first  note  on  the  £a(fam|ff-Iike  Bodaati  of  OeningBO, 
Hermann  von  Meyer  was  not  aware  that  more  fhaa  one  fonn  ii 
represented  in  the  deposit;  aooordingly,  he  oompriaea  dl  the 
epeoimens  under  the  name  liaj^Miyf  Ommgenm.^  Later  on,  m  hk 
monograph  of  the  fossil  Yertebrates  of  Ooiingen,*  he  aibitiari^ 
sets  aside  Konig's  speoifio  name  of  the  smaller  form,  for  whioh  hs 
adopts  a  manuscript  name  by  Yon  Tsohudi,  founded  on  one  of 
the  labels,  and  applies  the  name  Lagomji$  Oeniiig$m$  to  the  larfer- 
sized  speoimens. 

In  a  memoir  read  before  the  Linnean  Society,  and  which  will  be 
published  about  the  same  time  with  the  present  note,  I  have  st 
length  dealt  with  the  smaller  form,  whose  proper  name  will  he 
FrolaguB  OeningemU  (Eon.),  but  with  which  we  have  not  to  deal 
here.  However,  the  Oeningen  speoimens  of  Bodents  under  ezanina- 
tion  having,  from  Uieir  unsatlsraotoiy  condition,  occasioned  nnoh 
of  the  prevailing  confusion,  it  is  necessaiy  before  making  an 
examination  of  the  fossil  in  the  British  Museum,  which  I  have 
determined  as  Lagopn$  wru$,  to  glean  whatever  additional  inforau^ 
tion  we  are  able  from  otlier  fossils  of  the  same  and  contempomneous 
deposits. 

Two  skeletons  from  Oeningen  are  ascribed  to  *£agimg$  OemugmuU* 
in  the  "  Fauna  der  Yorwelt " — one  from  the  Oarlsruhe  Mueeum,  on 
pi.  ii,  fig.  1 ;  the  other  from  the  Seyfried  Colleotiou  at  Constance,  on 
pi.  iii,  fig.  1.  Both  agreeing  approximately  in  size,  H.  v.  Meyer 
nssumes  as  a  matter  of  course  that  they  belong  to  the  same  species. 
The  former  specimen  afibrds  no  evidence  as  to  the  important 
characters  of  the  number  and  form  of  the  cheek-teeth.  In  the  latter 
the  numher  of  the  lower  cheek-teeth  is  given  as  four,  the  writer 
adding  that  neither  is  the  posterior  tooth  tripartite  as  in  recent 
species  of  Lagomys,  nor  does  the  shape  of  its  alveolus  favour  such 
au  assumption.  H.  v.  Meyer  was  under  the  erroneous  belief  that  the 
recent  Lagomya  had  only  four  lower  cheek-teeth,  the  posterior  one 
complicated  by  the  addition  of  a  third  lobe.  As  a  matter  of  fact  all 
the  members  of  the  recent  genus  Lagomyn  have  five  lower  cheek- 
teeth, the  fourth  being  bipartite  like  the  two  preceding  it  in  the 
series,  whilst  the  fifth  is  a  small  simple  cylinder. 

The  insufficient  acquaintance  with  the  dentition  of  Lagomy$ 
prevented  H.  v.  Meyer  from  investigating  if  perchance  in  the 
Seyfried  specimen  there  was  an  alveolus  for  a  fifth  cheek-tooth, 
lliis  omission  and  the  error  by  which  it  was  engendered  have  both 
proved  fatal. 

n.  v.  Meyer*8  error  as  to  the  number  of  teeth  in  Lagomy$  was  let 
right  by  Hensel  ^ ;  the  former  author  was  thereby  induced  to  transfer 

1  Kiiuig:    Icones  Fuss.  Sect.,  pi.  x,  fig.  126  (1825). 
^  Neuen  Jahrbuch,  p.  58  (1836). 

'  H.  V.   Meyer:   '*  Zur  Fauna  des  Yorwelt,  Foasile  8&ugetMere,  Yoge\  vad 
Ke])tilien  aus  dem  Molusse-Mergel  v(  n  Oeningen,"  p.  7  (184^}« 
*  ZeiUchr,  deutsch.  geol.  Qea.,  Vm,  ']^.  ^9ft  (,1^6^ 
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his  *  Lagomys  Oentngensts '  to  the  genus  Titanomya,^  assuming, 
erroneously  again,  this  latter  genus  alone  to  be  clmraotenzed  by  four 
lower  oheek-teeth  only,  the  posterior  of  which  is  bipartite. 

Meanwhile  a  real  step  forward  had  been  made  by  Hensel,  in 
describing  his  *  Lagomys  varus,*  ^  which  was  founded  on  a  fossil 
ct)mmunicated  to  him  by  Quenstedt;  its  provenance  is  not  ^'aus 
den  Bohnerzen  der  schwiibischen  Alp,"  but  from  the  Molasse  of 
Althausen,  Wiirttemberg.'  The  species  is  based  on  the  fragment  of 
a  mandibular  ramus,  and  exhibits,  in  opposition  to  *  Myolagus* 
{-=.  Prolagus),  described  in  the  same  article,  five  lower  cheek-teeth, 
the  posterior  one  being  a  small  cyliudriform  tooth,  as  in  the  recent 
Lagomys ;  the  anterior  one  is,  also  as  in  the  latter,  composed  of 
only  one  cylinder,  but  of  a  more  complicated  pattern  than  in 
Lngomys, 

Hensel's  Lagomys  verus  having  the  size  of  H.  v.  Meyer's  L.  Oening- 
ensis,  and  both  localities  being  of  the  same  geological  age,  the  suspicion 
naturally  arises  that  the  two  names  might  be  synonyms.  Hensel 
does  not  discuss  this  side  of  the  question, ^nd  he  could  not  do  so; 
for,  as  he  rightly  says,  the  specimens  of  L.  Oeningensia  of  the  **  Fauna 
der  Vorwelt "  are  insufficiently  characterized. 

In  his  "  Nager  des  enropiiischen  Tertiiirs,"  *  Schlosser  enumerates 
*  Lagomys  (Lagopsis)  OentngensiSi  H.  v.  Mey.,'as  distinct  from  '  Lagomys 
(Lagopsis)  verus,  Hens.,'  and  the  same  course  is  followed  by  Zittel.^ 
However,  the  former  writer,  when  describing  in  the  same  memoir* 
specimens  from  other  localities,  suggests  that  after  all  '  Lagomys 
OeningensiSf^  from  Oeningen,  may  be  identical  with  L.  verusy  Hens. 
Three  more  or  less  complete  mandibular  ranu  from  Deggenhausen, 
£lgg,  and  Hohenhoven  respectively,  had  been  mentioned  by  H.  v. 
Meyer,  and  drawings  of  their  teeth,  found  amongst  his  MSS.,  have 
been  reproduced  by  Schlosser.'  They  show  an  agreement  in  their 
p.  2  with  Hensel's  Lagomys  verus,  and  Schlosser  therefore  concludes  *" 
that  they  are  the  same  species.  He  also  proposes^  to  raise  HensePs 
Lagomys  verus  to  generic  rank — Lagopsis — chiefly  on  account  of 
the  difference  from  the  recent  Lagomys  in  the  lower  anterior  pre- 
molar (p.  2). 

Like  the  Oeningen  *  Lagomys  Oeningensis,*  no  last  molar  (m.  3) 
is  to  be  seen  in  the  specimens  from  the  three  localities  mentioned. 
Schlosser  does  not  attach  any  great  weight  to  the  absence  of  this 
small  tooth  in  the  three  specimens  figured  from  H.  v.  Meyer's 
MSS.  Neither  do  I :  but  for  different  reasons  from  those  given 
by  the  former  writer  in  the  following  passage,   and  with  which 

*  Palaeontographica,  xvii,  p.  228  (1870). 
»  Loc.  cit.,  p.  688. 

»  Qnenstedt:  Handbuch  d.  Petrefaktenkunde,  2^  Aufl.,  p.  45,  fig.  6^  (1867); 
id.  H.,  3<«  Aufl.,  p.  55,  fip.  7  (1885). 

*  Palaeontograpnica,  xxxi,  p.  31  (1884). 

*  Handbuch  d.  Palaeontologie,  iv,  p.  553  (1891-93). 

*  Loc.  cit.,  p.  32. 

'  Loc.  cit,  p.  31,  pi.  viii,  figs.  40,  46,  49. 

*  Jx)c.  cit.,  pp.  31,  32. 
»  Loc.  cit.,  pp.  28-31. 
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I  oompleiely  disagree :  **  Aaf  das  Feklen  dst  IslitMi  afaiUm 
Baokxabnea  bei  den  drei  tou  H.  t.  Meyar  giiiaeiohimtsn  Bsamplsna 
darf  wohl  nioht  allzaTiol  Gtowioht  gelegt  warden.  Ba  ist  aioU 
Qnm5gIioh,  dass  anoh  bier,  wie  bei  ZmwMays  aJMsotiiMM^  faa 
normiden  Kiefer  nor  dnd  sweilobige  Molaxen  Toilia&deii  aind  nd 
daas  daber  der  stiftformige  m.  4  [meaaing  m.  8]  daa  HsDaal'aohm 
Origioales  als  Analpgcm  das  bei  21  vkmommm^  aboom  irariEOSih 
menden  Lobaa  dea  m.  S  [meaning  m.  2 J  betraobtet  wecdan  Bnaa^"* 
Tbis  whole  statement  to  aomewhat  Tagoe  and  obaoue ;  tha  writer 
seems  to  assame  (1)  that  in  T«  ebanotiaMM  both  tha  m.  S  and  a  tUri 
poaterior  lob^  of  nu  2  ooonr  only  abnormally ;  and  (2)  that  in 
'  Lagom^i  9€ru»  *  the  preaenoe  of  a  m.  3  to  likewiae  aa  ^V^d— ^ 
ooourrenoe.  From  theae  two  asaamptiona  the  infereaoa  to  drawn- 
that  in  the  type  of  Xo^oaMfs  asnis  mu  3  to  the  'analogue'  at  the 
equally  'abnormal'  third  lobe  in  m.  2  of  ZltenoHfs  Wisnoaffiii 
The  writer  oonoludes  by  saying  that  he  to  almoat  imdiaed  to  oopaidar 
the  presenoe  of  m.  8  as  ajnvenile  oharaoter,  and  that  thto  tooth  to 
oadnoous  ('hinfallig').  This  is  very  probably  tme  with  regard  to 
Tikmomy$  vtaeaovteMti,  and  I  have  myaelf  anggeated  it  in  the  memoir 
in  oonrse  of  publioation.  The  last  lower  molar  of '  Lagomft  varas '  to 
oadaoons  after  a  manner,  yis.,  it  baa  often  dropped  ont  in  flie  fcastl, 
its  alveolus  being  filled  with  matrix.  Bat»  aa  I  shall  show  henaAsn 
it  to  deoidedly  erroneous  to  consider  thto  tooth  aa  oadnoooa  la  tiie 
sense  attached  by  Sohlosser  to  this  term ;  and  ao  are  all  the  other 
suggestions  tentatively  put  forward  in  the  passage  quoted  above. 

ScbloBser  eeems  not  to  have  had  aooess  to  a  publioation  by 
Biedermann  in  which  '  Lagomya  Oentngensist  II.  v.  Mey./  from  the 
lignites  of  Elgg,  near  Winterthur  (Switzerland),  is  described  and 
figured.'  The  description  is  somewhat  insufficient,  and  so  are  the 
figures,  the  details  of  the  triturating  surface  of  the  molars  not  being 
described  or  represented.  Still,  enough  is  given  to  allow  of  a 
definite  conclusion.  A  fifth  lower  molar  is  said  to  be  present, 
smaller  than  in  Lepvs,  and  not,  as  in  the  latter,  composed  of  two 
columns  or  prisms.  The  two  upper  figures  of  mandibular  rami 
in  figs.  2  and  3,  pi.  iii,  which  represent  clearly  the  outer  side,  show 
in  the  anterior  cheek-tooth  (p.  2)  two  lateral  grooves,  which  are 
characteristic  of  this  tooth  of  Lagopsis  verua.  Thto  character,  as 
well  as  the  evident  rootless  condition  of  the  cheek-teeth,  enablea  us 
to  exclude  at  least  the  figured  specimen  of  Tttanomys  Fouianneii 
(Dep.),  which  might  otherwise  need  consideration,  being  of  about 
the  same  size  as  Lagopsis  verus  and  also  on  account  of  its  occurring 
elsewhere  associated  with  the  latter.  In  one  of  hto  two  splendid 
memoirs  on  the  Miocene  Vertebrates  of  the  Bbdne  Basin,  Deperet 
has  described  and  figured,  from  the  Middle  Miocene  of  La  Grive- 
Saint-Alban,  a  mandibular  ramus  exhibiting  the  characteriatic 
anterior  premolar  of  Hensers  Lagomys  verus,  and  provided  besides 

^  Loc.  cit,  p.  32. 

'  W.  G.  A.  Biedermann :  Petrefacten  aos  der  Fmgegend  Ton  Winterthur,  2*** 
Heft,  Die  Braonkohlen  von  £\gg,  ]^.  13,  pi.  iii,  figs.  1,  2,  3  (1863). 
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widi  the  fifth  simple  molar.^  I  have  myself  oolleoted  at  La  Grive 
about  half  a  dozen  mandibular  rami  of  the  same  Rodent,  in  all  of 
which  either  this  fifth  tooth  itself  or  its  very  distinct  alveolus  is 
present 

The  foregoing  observations  mark  another  step  in  advance,  for 
they  show  conclusively  that  the  fifth  lower  molar  of  Lagopats  verus 
does  not  occur  *  abnormally/  but  that  it  is  a  characteristic  feature 
of  the  species,  as  it  is  also  in  the  recent  Lagomys. 

The  upper  cheek-teeth  of  Lagopsis  verus  are  unknown  up  to 
the  present.  Deperet  has  published  from  La  Grive  a  left  palate 
devoid  of  teeth,  but  exhibiting  very  distinctly  the  alveoli  of  the 
five  cheek-teeth ;  he  assigns  this  fossil,  quite  rightly  in  my  opinion, 
to  LagopsiB  verus?  At  the  same  time  he  figures  and  describes 
the  left  palate  of  'Lagodus  Fontannesi,*  ^  in  which  two  cheek-teetb 
are  preserved ;  in  the  memoir  alluded  to  above,  I  have  arranged 
the  latter  under  the  genus  TitanomyB — T.  Fontannesi  (Dep.)«  No 
mandibles  of  this  *Zagodus  Fontannesi '  are  mentioned  in  Deperet's 
first  memoir  quoted,  nor  in  the  later  one>  This  circumstance 
seems  to  be  the  reason  which  has  induced  Schlosser  to  suggest  that 
Lagopsis  verus  and  'Lagodus  Fontannesi '  are  the  same  species ;  ^  and, 
unfortunately,  Dep6ret,  in  his  second  memoir,*  inclines  towards  the 
same  opinion,  and  has  consequently  omitted  Lagodus  Fontannesi 
from  his  latest  list  of  the  Vertebrates  of  La  Grive,^  Lagomys  verus  alone 
being  mentioned.  It  may  be  asked,  what  then  becomes  of  the  left 
palate  represented  in  the  above-mentioned  fig.  17  of  Deperet's  first 
memoir,  which  both  writers  overlook  entirely  when  they  unite 
together  the  two  so  widely  different  forms  of  Lagopsis  verus  and 
Titanomys  Fontannesi.  It  is  somewhat  surprising  that,  according  to 
Dep^ret,^  more  than  fifty  mandibular  rami  of  Lag.  verus  have  been 
found  at  La  Grive,  whilst  not  a  single  one  of  Tit.  Fontannesi  is 
mentioned ;  and  I  therefore  venture  to  suggest  that  the  mandibles  of 
Titanomys  Fontannesi,  which  are  approximately  of  the  same  size  as 
those  of  the  other  form,  have  not  been  recognized  amongst  the 
numerous  rami  collected.  I  have  myself  collected  at  La  Grive  over 
twenty  mandibular  rami,  half-a-dozen  of  which  belong  to  Lagopsis 
verus  and  seventeen  to  Tit.  Fontannesi.  Both  are  figured  and 
described  elsewhere,  and  I  will  therefore  only  briefly  mention  here 
that,  apart  from  the  difference  in  the  cheek-teeth,  the  anterior  pre- 
molar being  the  most  important  in  this  respect,  the  two  genera 
present  some  difference  in  the  shape  of  the  bone  as  well.  The 
i&orizontal  ramus  of  Tit.  Fontannesi  is  lower  and  more  elongate; 

*  Arch.  Mus.  Lyon,  iv,  p.  164,  pi.  xiii,  figs.  16,  16a  (1887). 

*  Loc.  cit.,  p.  164,  pi.  xiii,  fig.  17. 
'  Loc.  cit.,  p.  171,  pi.  xiii,  fig.  19. 

*  ''La  Faune  des  fiaammif.  mice,  de  La-GriTe-Saint-Alban":    Arch,  da  Mus> 
d'Hist.  Nat.de  Lyon,  v  (1892). 

ft  Beitr.  Pal.  Ostr.-Ung.,  viu,  pp.  86,  87  (1891). 

*  Loc.  cit.,  p.  68. 

^  Deperet.  *'  Sor  la  Classification  et  le  Farall^lisme  da  Systime  Miocene  " :   Bull. 
See.  Oeol.  France,  xxi,  p.  206  (1893). 
»  Arch.  Mus.  Lyon,  iv,  p.  164  (1887). 

DBCADB  jy.— rox.  ri.— xo.  yjir.  1^ 
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the  (llMt«u  bttwaan  th*  anterior  pnuiohn  nd  On  ImImb  k. 
longw  than  in  Lagoptu,  tad  Am  iDbrlOT  onltlM  of  A*  naV 
whni  Tlemd  from  tha  aztanal  ald^  tf  atni|Atir  In  SUmaamm. 

Of  npper  dwak-taeth,  whioh  I  fital  antitM  to  aaoriba  to  iamtrik 
aanu,  1  hava  foimd  two  amongat  Uia  foarila  of  La  Qttra  (ML  ■■• 
Geo!.  Dap.,  H.  6,261).  Uia  madiaa  of  Um  tluaa  nppar  ^amteaaC 
Uie  recant  Zoyoaqn,  p.  S,  la  oharaotarlMd  fay  %  oraaoant  aHMit 
fblding,  whiohopaninMlvonfliaoatarmaritlnof  diatooHiitMarte 
anterior  angla.'  Zayopau  balng  tfaa  one  Tertla^  gaaoa  «UA  ll 
Oie  fimn  of  ita  lower  taath  oomea  naaraal  to  Lt^urngt,  tt  ml^  !■ 
antidpatad  that  the  upper  teadi  of  the  ftaaD  wwiU  Bkawlaa  abvw 
a  naar  apptoaoh  to  the  leoant  Impm^t.  In  fla)^  on*  of  &•  iaoktal 
teeth  joat  nwntlonad.  from  La  OrlTe,  axhibito  tiM  «»•  aaiBaMit 
tariangnlar  ontllna,  the  i^iex  batu  tnnad  outwardly  «■  tiba  aaMal 
aimer  premolar  of  Lagimfft,  and  aboot  the  aaaa  ohanotoriatle  anaaad 
Odding.  It  oan  therefine  with  oertiin^  ba  datarmtnad  m  p.  t  df 
Lagopiit ;  I  have  deathbed  and  flgorad  tt  daawfaa>&  It  oan  tk 
onoe  be  diatingaialied  from  p.  8  of  Fnlagm  Otahtgnma  (KAa.L 
oooarring  In  the  lame  dapodta :  in  P.  Oti»gmmU  Oia  toott  b  mam 
amaller.  Mi  a  triangolar  ontllne  with  Aa  vgKt.  tnaad  Am 
and  baa  a  aaoond  enamel  oteaoant,  amallar  than  tha  ana  a 
apcmding  to  tha  tingle  one  in  the  tooth  of  Zagapfi,  and  riliMH 
external^  to  it  iSe  upper  p.  8  of  JBoaafa  WimJmmttt,  wUA 
approftohea  nearer  In  lise  to  Zo^opefi,  tboa^  ilisfatlj  amallar,  k 
provided  with  roots,  and,  beeidea,  prewnta  other  dilfereneea  wUeh 
are  referred  to  in  my  memoir. 


Fio.  I. — Tritunting  anrfwM  of  the  three  upper  pnmoUn,  r 
rerut   (Heniel),   much  enlt^ied;    from  the  Bpedmai  1 
Britiih  Mnwum,  Geological  Department. 

Fio.  2. — The  mediae  premalai,  p.  2,  of  Mme,  from  iMhind,  mnch  udai^ed. 

a.  Internal  ename!  folding ;  b,  enamel  ereeMst ;  e,  ananiBl  ring ;   8,  ea^i 
■epaiating  b  and  e ;  8,  antero-intemal  cuip ;  9,  pattaii>>int*nal  ewp. 

We  know,  then,  from  La  Grive,  n  deposit  oontemporaneoai  wUh 
Oeningen,  apart  from  the  small  Prolagut  OcaM^MM,  two  laTger 
l^omoTphouB  Bodentia,  both  of  approximately  equal  sise.  It  ia 
'  Bee  R.  Henstl  in  Z^tacbi.  ^wAmV  taiA.^h».,-T^^rfl,  <«■.  1-4  (tSU). 
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therefore  a  priori  not  unlikely  that  the  larger  forms  from  Oeningen, 
comprised  generally  nnder  the  single  denomination  *Zagomy$ 
Oeningeiuia,^  may  equally  include  two  different  animals.  For  this 
reason  something  more  is  required  than  mere  measurements,  if  we 
wish  to  determine  more  satisfactorily  these  so-oalled  '  Zagomyt 
Oeningen$i$* 

On  inspection  of  the  specimen  No.  42,815  from  Oeningen,  scTeral 
cheek-teeth  were  detected  in  a  fragment  of  the  cranium  examined 
torn  their  inner  side,  the  bone  being  broken  away;  the  lower 
parts  of  these  teeth  were  near  the  crown  ;  this  latter,  however, 
was  hidden  in  the  matrix  when  the  specimen  was  placed  in 
my  hands.  By  carefully  removing  the  matrix,  the  triturating 
surface  of  the  three  anterior  cheek-teeth  (the  three  premolars) 
oould  be  developed,  and,  as  a  result,  it  became  at  once  apparent 
that  the  fossil  is  a  LagopsiB*  The  posterior  of  the  three  teeth 
(p.  1)  exhibits  the  pattern  which  is  shown  by  the  homonymous 
premolar  of  Lagomyt  and  by  the  latter*s  two  true  molars.  On  the 
outer  side  of  this  tooth  is  a  shallow  and  open  groove,  which,  as  far 
as  can  be  made  out  with  a  strong  lens,  has  no  enamel  border.  From 
the  middle  of  the  inner  margin  a  lozenge-shaped  narrow  fold  of 
enamel  runs  transversely  across  two-thirds  of  the  breadth  of  the 
triturating  surface,  towards  the  outer  side;  the  posterior  enamel 
bordering  of  this  fold  is  raised  into  a  strong  crest,  running 
parallel  with  the  anterior  enamel  bordering  of  the  tooth,  both 
presenting  a  slight  anterior  convexity.  The  enamel  folding  is 
filled  with  oementum  in  its  outer  narrower  portion,  its  wider 
internal  opening  being  devoid  of  this  substance.  The  pattern  of  the 
median  premolar,  p.  2,  proves  that  the  isolated  tooth  from  La 
Grive,  before  mentioned,  has  been  rightly  determined  as  p.  2. 
There  is  only  a  comparatively  shallow  internal  enamel  folding 
present  in  this  tooth  (a.  Fig.  1)  ;  the  greater  part  of  the  triturating 
surface  being  occupied  by  the  enamel  orescent  (6,  Fig.  1)  before 
described  in  the  tooth  from  La  Grive.  Outside  from  the  orescent 
appears  a  small  enamel  ring  (c,  Fig.  1)  filled  with  oementum, 
doubtless  the  vanishing  homologue  of  the  outer  enamel  crescent  c  of 
Tilanomys  and  Prolagus,  as  elsewhere  described  and  figured.  In  the 
La  Grive  specimen  there  is  a  mere  vestige  of  some  such  element  in 
the  same  place,  the  latter  tooth  being  presumably  more  worn  than  in 
the  Oeningen  specimen.  In  the  p.  2  of  Lagomys  the  outer  enamel 
bordering  of  crescent  h  is  raised  into  a  strong  triangular  cusp,  turning 
its  convexity  inwards ;  in  the  fossil  the  inner  border  of  the  crescent 
is  raised  in  the  same  manner. 

The  anterior  premolar  (p.  8)  of  the  Oeningen  fossil  is  not  dis- 
similar from  the  same  tooth  of  Prolagus  Oeningenns  (Eon.).  Whereas 
in  recent  Zagamys  the  triturating  surface  of  p.  3  exhibits  only  one 
enamel  folding,  starting  from  about  the  middle  of  the  anterior 
margin  and  running  backwards  obliquely,  i.e.  postero-extemally, 
the  same  tooth  in  our  Lagopsis  shows,  as  in  Prolagus  OeningenBts, 
two  enamel  foldings,  opening  on  the  anterior  margin  and  th^wo^ 
running  almost  straight  backwards. 
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These  differences  from  Lagomya  strengthen  the  opinion  enoanoed 
by  SohloBser,  that  the  Miocene  fossil  is  to  be  considered  as  a  separate 
genus  (Lagopiis),  and  at  the  same  time  they  present  a  further 
link  in  the  gradual  transformation  of  the  tooth-pattern  {Titanomys-^ 
ProlaguB — Lagopsis — Lagomys — Zepus),  which  begins  in  the  hind- 
most molar  of  Lagomyidae,  and  gradually  proceeds  forwards,  stopping 
at  p.  1  in  Lagopsis  and  Lagomys  and  at  p.  2  in  Lepus.  This  is  not 
the  place  to  enter  into  the  details  of  this  interesting  evolution,  which 
is  exhaustively  described  elsewhere. 

I  append  the  measurements  of  the  teeth  described  and  of  some  of 
the  bones  of  the  same  specimen,  No.  42,815. 

mm. 

Length  of  the  three  upper  premolars  5*5 

Breadth  of  p.  1  ...         ...        ...        ...        ...        ...  3'5 

,,        p.  2  (posteriorly) 3*5 

D    1  2*0 

Len^h  of  scapula      ^     ...  32*5 

,f        humerus    ...        ...         ...        ...         ...        ...  36 

•  f  UiXAcI  •••  •••  •••  •••  •••  •••         OO 

femur       47 

We  have,  then,  been  able  to  demonstrate  conclusively  that  Lagopsis 
verus  (Hens.)  is  a  member  of  the  fauna  of  Oeningen.  It  is  not, 
however,  in  the  least  certain  that  all  the  large-sized  Lagomyidae 
of  the  same  deposit  belong  to  this  species,  nor  even  to  the  genus 
Lagopsis ;  for  my  part  I  am  looking  for  the  discovery  of  Titanomys 
Fontannesi  (Dep.)  amongst  Oeningen  fossils.  If  the  Carlsruhe 
specimen  still  exists,  and  is  in  the  same  condition  in  which  it  was 
figured  by  H.  v.  Meyer,  a  careful  devolopint^  would  doubtless  give 
good  results  and  allow  of  an  exact  determination  . 

3.  Cricetodon  minus,  Lartet. 

The  genus  Cricetodon  is  now  for  the  first  time  mentioned  as 
a  member  of  the  ftiuna  of  Oeningen.  In  previous  lists  of  the 
mammals  from  this  locality,  the  latest  of  which  is  by  Deperet/ 
the  genus  Mas  is  enumerated;  this  appears  to  me  ver}*^  doubtful, 
the  latter  genus  having  never  been  met  with  in  contemporaneous 
deposits. 

In  the  Catalo^ijne  of  Fossil  Mammalia  of  the  British  Museuni,- 
two  skeletons  of  Oeningen  from  the  Breda  Collection  figure  under 
the  heading  *  Mns  (?),  sp.'  In  one  of  these,  No.  42.823,  of  which  slab 
and  counterpart  are  preserved,  I  have  laid  bare  a  molar  tooth  which 
proves  to  be  the  anterior  right  lower  molar  of  a  Cricetodon,  corre- 
sponding in  its  size  and  in  the  character  of  a  unicuspidate  anterior 
tubercle  to  Cricetodon  minus,  Lartet,  from  Sansan,  La  Grive-Saint- 
Alban,  Steiuheim,  etc. 

The  specimen  No.  42,822,  also  from  Oeningen,^  is  not  a  *  Lagomys,* 

1  Ch.  Bq)eret, ''  Classif.  et  Tarall.  du  Syst^'ine  Mioceae"  :  Bull.  Soc.  Gcol.  France, 
8'  s('rie,  xxi,  p.  245  (1S93). 

2  I,  J).  227. 

^  Cat.  Foss.  Mamm.,  i.  p.  Vi%. 
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bat  most  probably  a  Criceiodon  minus ;  the  only  molar  present  is  so 
muoh  worn  that  I  cannot  be  positive  on  the  subject. 

EXPLANATION    OF    PLATE   XVII. 

Skeleton  of  the  type-specimen  of  Scimtu  Bredaiy  H.  v.  Mey.    Two-thirds  nat.  size. 

Middle  Miocene :  Oeningen. 

B.H.,  right  maxilla;  L.M.,  left  maxilla;  R.S.,  right  scapula;  L  S.,  left 
scapula  ;  L  JI.,  left  humerus ;  R.R.,  right  radius ;  R.U.,  right  ulna ;  L.R.,  left 
nuuus;  L-U.,  left  ulna;  R.C.,  right  calcaneus;  R.Fi.,  ri^ht  fibula;  R.T.,  right 
tibia;  L.F.,  left  femur;  L.Fi.,  left  fibula;  L.T.,  left  tibia;  C,  left  calcaneus; 
I,  II,  III,  IV,  first  to  fourth  left  metatarsals. 


Pbsliminart  Notice  of  the  Etcubminian  Fauna  of  New- 
foundland. By  O.  F.  Matthew.  [BuU.  Nat.  Hist  Society  of 
N.  Bruoswick;  St.  John,  N.B.,  Jane,  1899.] 

rilHIS  paper  desoribes  in  oatline  the  species  obtained  from  the 
JL      Etcheniinian  rocks  (below  the  Cambrian)  in  Newfoundland. 

The  former  is  interesting  as  showing  a  departure  from  the 
groupings  of  genera  found  in  the  Cambrian.  Trilobites  are  said 
to  be  absent  or  rare ;  there  is  a  great  preponderance  of  Hyolithidaa, 
which  are  present  in  several  dififerent  types  {Heyoliihes,  OrihotheeOt 
Urotheeat  n.gen.).  The  other  classes  of  animals  present  are  all  small, 
or  even  minute,  except  Capulidaa  among  the  Gasteropods.  The 
classes  recognized  are  Brachiopoda,  Qasteropoda,  Lameliibranchiata, 
Annelida,  and  Crustacea.  The  genera  are  Kuiorgina,  OboleHa^ 
Seenella,  Bandomia  (n.gen.),  Parmophorella  (?),  Platyeeras,  ModiO" 
lopsis,  Urotheca,  Helenia,  Ilyaliihdlus  (?),  Coleoides,  Orthotheea, 
MeyolitheSf  and  Aptychopsis, 

lliree  plates  of  figures  accompany  the  article,  which  is  supple- 
mentary to  a  description  of  the  stratigraphy,  etc.,  of  the  terrane  in 
which  the  fossils  are  found,  and  which  description  appeared  in  the 
Annals  of  the  New  York  Academy  of  Sciences,  vol.  xii,  No.  2, 
pp.  41,  56. 

I^  E  V  I  E  "VST  S. 
Life   and   Letters   of   Sir   Joseph   Prestwich,   M.A.,    D.O.L., 

F.B.S.,     F.O.S.,     FORMERLY     ProFESSOR     OF     GsOLOGT    IN     THE 

University  of  Oxford.  Written  and  Edited  by  his  Wife. 
8vo;  pp.  xvi  and  444,  with  24  illustrations.  (Edinburgh  and 
London :  William  Blackwood  &  Sons,  1899.)  ^ 

THIS  book  forms  a  most  expressive  and  touching  memorial  from 
the  pen  of  Lady  Prestwich  to  her  husband,  and  is  embellished, 
as  such  a  memorial  should  be,  with  portraits  of  himself  in  middle 
life  and  in  his  later  years ;  of  the  ancient  home  of  his  family, 
"  Hulme,"  near  Manchester ;  of  his  new  home,  **  Darent  Hulme," 
Shorebam,  Kent,  where  he  happily  spent  so  many  of  his  later  years ; 

*  For  a  life  of  Professor  Joseph  Prestwich  see  also  Gbol.  Mao.,  Dec.  III^  Vq\.,'SL 
(1893),  p.  241  (with  a  portrait). 
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togetfier  wUb  m  maim  of  pcnrtnite  of  hli  oU  ftiMidA  m1  oh- 
iemponriei:  we  ahonld  have  waloomed  abo  a  porlff«il  of  tfcil 
doToted  partner,  who  for  twenl^-fonr  yean  ihared  Ua  auleaMlB 
labours  at  Ozfoird  and  at  ShorMam,  and  who  aided  Sir  Jo«ph 
Frettwioh  to  materially  in  bringing  ont  hiejEteat  wofirk  on  geology,^ 
ihe  nieoe  of  hie  lamented  friend  Dr.  Hugh  nlooner. 

To  thoM  who^  like  the  preeenl  writar,  knew  Sir  Joaqh 
Prestwiofa  well,  this  vdame  eerree  to  leoall  not  only  manv  mmilB 
of  personal  intereat  now  almost  fiirBOtten,  bot  aho  mnen  of  dis 
oontomporary  geologioal  history  of  we  past  haIf*osatary,  in  tte 
midst  of  whidi  Prestwid^  oooapied  so  prominent  a  plaooi  and  task 
saoh  an  active  part  in  helping  to  bofld  np  onr  eoienoe^  oontrilwting 
personally  so  largely  to  its  zeoords. 

We  make  no  apologr  for  qootbff  at  oonridersble  length  ftodi  As 
admirable  summary  of  the  sdentino  work  of  Sir  Jomm.  Prestwieii, 

S'ven  at  the  end  of  the  praeent  volamob  by  Sir  AvbnibaU  GMUs^ 
.O.L.,  F.B.8.,  whose  fhoile  pen  always  aflbrda  plManie  to  ths 
reader.    (See  pp.  402-421.) 

"The  soientifio  career  of  Joeeph  Prsstwidh  waa  narked  by  ths 
long  period  over  whidi  it  extended  and  by  die  wide  lams  of 
snlgeoto  wittin  the  domain  of  Geokwy  whioh  it  embraead.  Ihr 
mors  than  sixty  years,  with  indefatimle  indnstiy,  he  oontinned  to 
oontribnte  original  obserrationa  and  lefleotiooa  to  die  estsnee  to 
which  he  had  dedicated  his  life.  His  writings  oover  alnost  the 
whole  field  of  geology.  He^disoussed  the  various  agencies,  qpigene 
and  hypogene,  which  are  now  giving  rise  to  geological  changea  on 
the  earth.  He  studied  the  various  geological  formations  from  the 
Old  Red  Sandstone  to  the  most  recent  gpravels,  but  specially  devoted 
himself  to  the  Older  Tertiary  and  Quaternary  series.  He  gave 
much  thought  to  the  practical  applications  of  geology,  and  led  the 
way  in  pointing  out  the  intimate  relation  between  water-supply  and 
geological  structure.  And  lastly,  he  gave  the  world  the  benefit  of 
his  ripe  experience  and  long  reflection  in  the  text-book  in  whioh 
he  took  a  philosophical  survey  of  the  whole  realm  of  geologioal 
investigation."  ^ 

''  To  gain  a  general  idea  of  the  nature,  extent,  and  value  of  his 
scientific  work,  it  will  be  convenient  to  subdivide  his  writings 
according  to  the  several  branches  of  geology  which  they  illustrats. 
For  this  purpose  we  may  first  consider  his  contributions  to  onr 
knowledge  of  the  causes  that  produce  geologioal  changee,  and  the 
effecte  to  which  they  give  rise. 

*'  From  an  early  part  of  his  scientific  studies  Prestwioh  paid  dose 
attention  to  the  influence  of  running  water  on  the  face  of  the  land. 
His  interest  in  this  subject  was  greatly  quickened  by  his  observations 
in  connection  with  the  high-level  and  low-level  gravels  of  the  river^ 
valleys  in  the  south-east  of  England  and  the  north-west  of  France. 
From  these  deposits  he  drew  the  important  conclusion  that  the 

^  This  work  it  entitled,  « Geology:   Chemical,  Phyiictl,  and  Stnti^taphiesL** 

By  Joeeph  Preetwich.   In  two  vols.  (rol.  i,  Chemioid  and  Phjiieal,  pp.  zxit  and  477* 

With  218  illoitrationB,  Oxfotd,  U«^ ;  ^o\.u,%tni&^Sn.^hioal  and  Physical,  pp.  xzriii 

and  606,  with  260  illustrationa,  OiIot^  \%%%V  ^i^^^'t^  C^Mtw^kni'^ciw,  Oxford. 
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Talleys  have  been  mainly  eroded  by  the  riven  whioh  still  flow  in 
them.  Though  this  explanation  of  river- valleys  was  strongly 
insisted  upon  by  Hutton  and  Play  fair,  and  had  been  demonstrated 
for  Central  Franoe  by  Desmarest  and  afterwards  by  Sorope  and 
Lyelly  it  had  never  attained  wide  aooeptanoe  among  geologists. 
When  it  was  adopted  and  enforced  by  Prestwioh  on  a  basis  of  well- 
ascertained  fact,  it  oame  almost  with  the  freshness  of  a  new  dis- 
covery. He  quickly  saw  its  significance  in  regard  to  the  slow 
sculpture  of  the  face  of  the  land,  and  the  great  antiquity  which  it 
proved  for  the  older  and  higher  terraces  of  gravel.  In  his  memoir 
read  before  the  Boyal  Society  in  1862,  he  dwelt  on  the  evidence  that 
could  be  adduced  of  powerful  and  long-continued  erosion  in  the 
valleys  by  the  streams  that  still  flow  in  them ;  and  he  continued 
to  bring  forward  additional  proofs  in  support  of  his  views,  until 
geologists  everywhere  admitted  the  validity  of  his  reasoning. 
There  remained,  indeed,  diflereuces  of  opinion  as  to  the  intensity 
of  the  operations  by  which  the  denudation  had  been  effected.  The 
followers  of  Lyell  would  not  admit  that  the  observed  facts  demanded 
the  existence  of  larger  rivers  and  more  powerful  floods  than  might 
be  witnessed  at  the  present  time,  while  Prestwioh  was  always 
prepared  to  find  that  the  geological  agents  had  worked  on  a  grander 
■oale  in  former  times  than  they  do  now.  But  the  fundamental  fact, 
that  the  valleys  of  the  south-east  of  England  and  the  north-west  of 
Franoe  had  been  carved  out  by  the  action  of  the  rivers  that  drain 
them,  was  now  accepted  without  further  demur." 

'*  To  Prestwioh,  therefore,  must  be  assigned  a  not  inconsiderable 
ahare  in  promoting  the  advance  made  during  the  last  thirty  years 
in  the  investigation  of  the  history  of  terrestrial  topography.  He 
continued  to  interest  himself  in  the  subject  up  to  the  end  of  his  life. 
Some  of  his  last  contributions  to  soieuoe  dealt  with  the  carving  out 
of  the  river  -  valleys  around  his  home  at  Shoreham  and  in  the 
neighbouring  district  of  the  Weald."     (p.  404.) 

*'lt  is  interesting  to  note  that  Prestwioh  began  his  geological 
career  by  studying  in  minute  and  patient  detail  the  coalfield  of 
Ck>albrookdale,  and  that  he  was  thereafter  led  to  explore  the  Old 
Bed  Sandstone  of  the  Moray  Firth.  This  early  work  was  so  eclipsed 
by  the  brilliance  of  his  later  researches  among  much  younger 
formations,  that  a  later  generation  of  his  contemporaries  hardly 
realized  the  rare  excellence  and  originality  of  his  first  great  essay. 
The  elaborate  memoir  on  Ooalbrookdale,  presented  to  the  Qeological 
Society  when  its  author  was  only  a  young  man  of  twenty,  is  certainly 
a  remarkable  performance.  Those  to  whom  it  was  first  addressed 
can  hardly  have  failed  to  recognize  in  its  author  one  of  the  future 
leaders  of  English  geology.  Selecting  an  area  of  about  one  hundred 
square  miles,  he  carefully  mapped  its  geology  on  a  scale  of  one  inch 
to  a  mile.  The  map  was  no  mere  sketch,  but  an  elaborate  survey, 
wherein  the  outcrops  of  the  several  seams  of  coal  were  traced,  and 
the  positions  and  effects  of  all  the  principal  dislocations  were 
represented.  The  structure  of  the  ground  was  further  displayed  in 
a  series  of  horizontal  and  vertical  sections,  while  addvt\.Q\i^V  ^^W\^ 
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were  given  in  an  excellent  descriptive  memoir,  combining  a  complete 
account  of  the  stratigraphy  and  palseontology  of  the  district  The 
list  of  fossils,  together  with  plates  of  new  species,  form  an  important 
feature  in  this  publication.  Not  only  were  the  organic  remains  of 
the  several  formations  discriminated,  but  even  the  cbaraoteristio 
forms  of  successive  horizons  were  distinguished,  and  the  bearing 
of  the  palfldontological  evidence  on  the  geological  conditions  of 
deposit  were  luminously  discussed.  This  Coalbrookdale  monograph 
must  be  regarded  as  one  of  the  classics  of  English  geology,  making 
a  notable  advance  in  the  progress  of  stratigraphy,  and  serving  as 
a  model  for  subsequent  investigation  of  the  geological  structure  of 
our  coalfields.  It  appeared  before  the  then  recently  organized 
Geological  Survey  had  mapped  any  of  those  parts  of  the  oountry, 
and  it  is  remarkable  how  closely  the  mapping  of  the  Survey  in 
subsequent  years  followed  the  lines  which  he  had  laid  down." 

'*  But,  unquestionably,  the  most  important  of  Sir  Joseph's  original 
oontributions  to  science  are  to  be  found  in  the  series  of  papers  which 
he  wrote  on  the  older  Tertiary  formations  of  the  South-£2ast  of 
England,  and  on  the  younger  deposits  containing  the  earliest  traces 
of  man.  This  brilliant  work  was  begun,  carried  on,  and  completed 
during  the  scanty  intervals  of  leisure  which  he  could  snatch  from 
a  busy  mercantile  life.  Properly  to  understand  its  scope  and  value 
we  must  go  back  to  the  earlier  decades  of  this  century,  and  take 
note  of  the  vague  and  confused  ideas  then  entert&ined  by  geologists 
as  to  the  arrangement  and  stratigraphical  value  of  the  series  of 
deposits  that  overlie  the  Chalk.  The  term  London  Clay  had  been 
applied  by  William  Smith  to  those  deposit*  from  the  argillaceous 
character  of  their  chief  member.  Subsequently  various  geologists 
noticed  the  occurrence  of  a  group  of  sandy  and  clayey  strata  between 
the  main  mass  of  the  London  Clay  and  the  top  of  the  Chalk. 
These  were  grouped  together  as  Plastic  Clay  and  Sand,  but  their 
true  stratigraphical  value  and  pal  aeon tological  interest  were  hardly 
recognized.  In  the  year  1846  Prestwich  published  the  first  of 
a  long  series  of  papers  in  which  he  gradually  worked  out  the  true 
relations  of  the  several  members  of  the  series,  and  brought  them 
into  relation  with  their  equivalents  in  France  and  Belgium.  The 
story  of  this  evolution  of  clear  order  out  of  the  confusion  that  had 
preceded  Prestwich's  researches  has  been  well  told  by  Mr.  Whitaker, 
who  has  followed  so  worthily  in  the  footsteps  of  the  pioneer  whose 
labours  he  chronicles.^  Beginning  among  the  cliff  sections  of  the 
Isle  of  Wight,  Prestwich  traversed  every  part  of  the  Hampshire 
and  London  Basins,  recording  his  observations  on  copies  of  the 
Ordnance  Maps  and  in  voluminous  notebooks.  From  year  to  year 
he  communicated  his  results  to  the  Geological  Society,  each  paper 
throwing  new  light  on  the  history  of  the  geological  formations, 
until  in  1854:  his  great  essay  on  the  Woolwich  and  Reading  Series 
added  the  coping-stone  to  the  edifice  he  had  so  patiently  reared. 
He  showed  that  between  the  top  of  the  Chalk  and  the  base  of  the 
London  Clay  a  group  of  strata,  which  he  had  called  the  '  Lower 

'  '*  TLt^  Geology  oi  I^mdon''  *.  ^lem.  Cieo\.^\tt\.,\Ql.  v  (1889),  p.  88. 
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London  Tertiaries/  was  capable  of  a  threefold  arrangement  into— 
let,  the  basement-bed  of  the  London  Clay;  2nd,  the  Woolwioh  and 
Reading  Series ;  and  8rd,  the  Thanet  Sands.  Tracing  ont  the  range 
and  general  physical  features  of  the  middle  group,  he  brought 
forward  numerous  sections  showing  the  local  variations  of  the 
aediments  from  Hampshire  to  the  east  of  Kent.  He  gave  ample 
lists  of  the  fossil  contents  of  the  strata,  and  discussed  them  in  their 
bearings  on  the  geographical  conditions  under  which  the  deposits 
were  accumulated.  For  the  first  time  the  succession  of  geological 
events  recorded  in  the  oldest  Eocene  strata  of  England  was  clearly 
atated." 

"After  reducing  to  order  the  older  Tertiary  series  of  England, 
Prestwich  conferred  a  still  further  service  on  geology  bv  bringing 
the  English  formations  into  line  with  those  of  France  ana  Belgium. 
In  a  series  of  elaborate  papers  communicated  to  the  Qeological  Society 
fae  established  the  correlation  of  these  deposits,  both  lithologically 
and  palsBontologically,  and  in  so  doing  became  the  acknowledged 
leader  in  the  Tertiary  geology  of  Western  Europe."     (p.  410.) 

*'  To  one  of  his  investigations  in  later  Tertiary  geology  reference 
may  here  be  made  as  an  instance  of  his  sagacity  of  observation.  He 
had  long  been  acquainted  with  certain  ferruginous  sands  scattered 
over  the  North  Downs  from  Folkestone  to  Dorking.  He  recognized 
these  materials  to  be  dififerent  from  the  red  flint  drift  or  loam,  on 
the  one  hand,  and  from  the  outliers  of  older  Tertiary  sands  and 
pebble-beds  on  the  other.  In  1854  some  highly  ferruginous  parts 
of  these  deposits  yielded  a  number  of  casts  of  shells  which  were 
regarded  by  some  palssontologists  as  indicating  the  base  of  the 
London  Clay.  Prestwich,  however,  assigned  them  to  a  much  more 
recent  period.  He  shared  the  opinion  of  Searles  Wood,  who  re- 
garded them  as  probably  of  the  age  of  the  Lower  Crag.  More 
recent  observations  by  Mr.  Clement  Beid,  of  the  Geological  Survey, 
and  the  discovery  of  other  and  better  preserved  fossils,  have  left  no 
doubt  that  Prestwich  was  entirely  justified  in  looking  upon  these 
remnants  of  a  once  extensive  deposit  as  Pliocene." 

"Outside  the  rank  of  geologists  Prestwich  was  probably  best 
known  for  his  connection  with  the  establishment  of  the  antiquity  of 
man,  and  for  his  share  in  bringing  home  to  the  English  public  the 
enormous  importance  of  geological  knowledge  in  dealing  with  water- 
anpply  and  other  questions  of  every-day  occurrence." 

When  in  the  Spring  of  1859,  at  the  suggestion  of  Dr.  Hugh 
Falconer,  he  undertook  to  investigate  the  alleged  proofs  of  the 
occurrence  of  flint  implements,  together  with  the  remains  of  extinct 
mammalia  in  some  of  the  old  valley-gravels  of  the  north  of  Fi*ance, 
fae  entered  on  the  inquiry  with  no  very  sanguine  hope  of  finding 
that  there  was  any  good  ground  for  the  contention  of  M.  Boucher  de 
Perthes,  who  some  ten  years  before  had  proclaimed  his  belief  in  the 
remote  antiquity  of  the  human  race.  But  the  evidence  proved  so 
strong  as  entirely  to  satisfy  him  that  the  French  observer,  who  had 
met  with  but  scant  support  or  sympathy,  was  nevertheless  right  in 
his  main  conclusion.     It  was  important  to  e&tab\\i\\  W\^  l>\\i^^\sv!^xv\»N. 
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boi  thftft  nmi  wss  ft  ocntsnipQiAiT'  of  Ad  Iqdk  onliMfc 
whoM  bonii  won  found  lyin^  botiile  hii  llfait  witpoai  im  halt  of 
sndifliirbad  gnvel,  «nd  furUm  to  show  that  tko  diporft  of  ttii 
grftTel.  thongh  nfenblo  to  a  txmpantiTO^  loto  gjOMJrinol  poriod, 
most  be  olcUr  than   the  pvaaanfc  oonfiguatjoa  of  too   gion& 
Prsatwioh   loafc   no  time   in   oonnnanioating  tiio   noalto   of  hk 
ozamination  of  tho  AbbeTiUo  v^gioa  to  tho  Bojal  Sooialj.     Ho 
oaatiouily  obatained  ftom  pronoanoing  on  tho  ontiqailj  A  mm^ 
oontenting  himaelf  with  pmntiag  oat  ttiat  though  thm  ooold  ba  ao 
doubt  that  man  waa  oontempoiBry  with  oaztSn  oitfaot  fboM  ff 
'elephant,  rhinooexoey  deeri  and  other  anim^  no  ovidonoo  had  yai 
been  obtiiined  to  aho  w  the  ohronologioal  Talno  of  tiio  intarfol  tfiai  had 
elapaed  ainoe  the  depoait  of  the  gravala  oontaining  tiio  woriaad  flfala. 
He  himaelf  waa  at  nrat  inolinod,  not  ao  mooh  to  throw  iho  hunap 
period  indefinitely  baokward,  aa  to  bring  down  tho  period  of  the 
extinct  mammalia  nearer  to  our  own  day^  and  to  aoeooBt  te  tiMir 
diaappearanoe  and  for  the  modification  of  the  aaneriMal  topQipaply 
by  acme  audden  or  rapid  geolqgioal  change  wfaioo*  thoo^  tiMaiaBi^ 
waa  powerful  enooji^  to  leave  ita  memorial  on  the  mrfaoa  of  the 
land.    Aa  hia  inTcatiptiona  prooeeded  he  foU  the  weight  of  oridanoa^ 
oontinnally  augmenting  in  favour  of  tho  long  lafao  of  tiaao  vaqniiad' 
for  the  earoavation  of  the  Talleya  and  for  the  jprodoedon  of  flio  vaift 
ohangea  in  the  oonfignration  of  the  land  auoa  tiie  aoonaanlaBon 
of  the  implement-bearing  gravda.     In  hia  nest  gioai  nwmoirv 
published  in  1864,  be  admitted  that  *we  muat  greatly  extend  our 
present  chronology  wiih  respect  to  the  first  existence  of  man ;  but 
that  we  should  count  by  hundreds  and  thousands  of  years  i8»  I  am 
convinced,  in  the  present  state  of  the  inquiry,  unsafe  and  premature  1' 
In  this  valuable  essay,  the  whole  evidence  of  the  valley-gravela  and 
of  the  gradual  erosion  of  the  valleys  is  marshalled  with  g^reat  akill, 
and  discussed  with  characteristic  clearness  and  caution.     In   later 
essays  he  admitted  that  man  was  living  in  Glacial  or  Poat-Glaoial 
times,  which  came  down  approximately  to  within  10,000  or  12,000 
years  of  our  own  day. 

''  Thus  it  is  to  Prestwich,  more  than  to  any  other  geologiat,  that  we 
owe  the  establishment  of  the  fact  that  man  coexisted  with  a  number 
of  now  long  extinct  mammals,  and  that  his  advent  on  the  earth 
must  be  relegated  to  a  far  higher  antiquity  than  that  which  had  been 
previously  accepted.  While  he  was  engaged  in  the  reaearchea  that 
led  to  these  resulto  he  at  the  same  time  greatly  enlaiged  our 
knowledge  of  the  later  phases  of  the  Ice  Age,  particularly  in  the 
river-valleys  of  the  south  of  England  and  north-weat  of  France. 
The  term  *  Drift '  has  been  vaguely  applied  to  a  multifariona  aeriea 
of  superficial  deposits,  differing  widely  from  each  other  in  origin 
and  in  age.  Prestwich  strenuously  contended  for  the  local  origin  of 
the  gravels  in  which  flint  implements  and  mammalian  remaina  ooonr 
together.  He  showed  that  these  accumulationa  onqueationaUy 
belonged  to  the  river-systems  within  which  they  are  fonnd.  that 
they  were  fluviatile  in  origin,  and  were  deposited  by  the  atreama 
which  still  flow  in  the  aame  valient.    He  maintained,  however,  that 
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ihe  riven  were  formerly  Tastly  larger  than  they  now  are ;  that,  in 
virtue  of  their  aise,  width,  and  transporting  power,  they  were  ahle 
to  carry  downward  and  spread  out  over  their  flood-plains  the  widely 
distributed  sheets  of  course  shingle  now  remaining;  while  from 
time  to  time  they  rose  in  floods  of  extraordinar}'  magnitude  that 
deposited  the  fine  silt,  containing  land-shells,  which  is  now  to 
be  seen  covering  all  the  different  gravel -beds.  Considerable 
differences  of  opinion  still  exist,  however,  regarding  some  of  these 
deductions.  Other  observers,  as  remarked  above,  have  been  unable 
to  perceive  any  satisfactory  evidence  that  the  rivers  were  generally 
more  swollen  than  they  are  at  present,  though  at  exceptional 
periods  of  melting  snow  they  may  have  surpassed  in  volume  any 
floods  chronicled  in  their  valleys  during  historic  times.  But 
Prestwich  detected  the  traces  of  another  transporting  agent  than 
that  of  mere  unaided  river-water.  In  the  presence  of  large  unworn 
blocks  among  tlie  ancient  gravels,  together  with  much  sharp  angular 
detritus,  he  recognized  the  operation  of  river-ice.  Thus,  all  over 
the  south-east  of  England,  where  the  climate  is  now  ro  mild,  he 
traced  indications  that  in  old  times  the  rivers  flowing  on  the  platform 
of  the  higher  gravels  were  frozen  over ;  that  ice  forming  along  their 
margins  or  over  their  bottoms  lifted  and  carried  along  the  shingle 
and  boulders  lying  there,  and  that  when  these  Arctic  conditions 
prevailed,  man  had  already  appeared,  fishing  in  the  rivers,  or 
tracking  the  mammoth,  the  bison,  and  various  extinct  forms  of  deer 
through  the  surrounding  forests  and  prairies." 

''Among  Prestwioh*s  contributions  to  the  history  of  the  latest 
geological  changes  that  have  aff'ected  the  South  of  England  and 
North  of  France,  his  numerous  papers  on  the  so-called  liaised 
Beaches  of  this  region  deserve  recognition.*'     (p.  415.) 

"  One  of  the  most  useful  services  rendered  by  Sir  Joseph  Prestwich 
to  the  cause  of  his  own  science  was  the  active  share  he  took  in  the 
practical  applications  of  geology.  His  labours  in  this  department 
were  manifested  in  two  different  directions.  In  the  first  place,  be, 
more  than  other  geologists  of  bis  day,  insisted  on  the  necessity  of 
a  knowledge  of  geological  structure  in  dealing  with  the  question 
of  water-supply.  From  his  early  communication  to  the  Institute 
of  British  Architects  down  to  his  pamphlet  on  the  Oxford  Water- 
Supply,  an  interval  of  thirty-five  years  elapsed,  during  which  he 
Game  to  be  regarded  as  the  leading  authority  on  this  subject  in 
England,  and  his  co-operation  doubtless  added  much  to  the  value  of 
the  Report  of  the  Royal  Commission  on  Water-Supply  issued  in  1869. 
It  is  to  be  regretted  that  the  maps  prepared  by  him  for  this  Report 
were  never  published.  In  the  second  place,  his  early  devotion  to 
the  coalfield  of  Coalbrookdale  gave  him  a  knowledge  of  our  Car- 
boniferous system,  and  an  interest  in  its  development,  which  he 
turned  to  good  use  in  later  years,  when  he  acted  as  a  member  of 
the  Royal  Commission  on  Coal.  Not  the  least  valuable  part  of  that 
important  and  voluminous  work  was  supplied  by  him  in  his  papers 
on  the  quantity  of  un wrought  coal  in  the  coalfields  of  Somerset,  and 
on  the  probability  of  finding  coal  under  the  n^vf^t  loroi^NAQT^  ^^  ^^ 
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Soalih  of  England.  In  the  bit-nftmed  {MpMr  ha  g»T»  a  tmnmi  tf 
all  that  had  bean  aaoaitainad  np  to  tha  year  ISU  legBidiw  Aa 
poaaible  estennbn  of  the  Ooal-meaanTeay  and  gave  good  gmniaa  te 
anpporting  die  oonolnaiona  of  Godwin-Anaten,  and  Ibr  beHariag  fa 
*  the  high  probdbilitj  of  the  eziatenoe  of  badna  [of  ooalj  nnder  tka 
Secondary  and  Tertiary  formationa  of  the  South  of  EnffUnd,'  TUi 
opinion,  and  the  reaaoning  on  which  it  waa  baaed,  baTO  raoenlly 
acquired  freah  intereat  and  value  from  the  aocoeaafnl  boringa  for  end 
in  Kent."    (p.  4ia) 

"  It  maj  not  be  inapprc^riate  to  refer  here  to  the  inflnenoe  wbidh 
Preatwioh  exerted  on  hia  aoientifio  oontemporariea.  The  wrilar  of 
these  lineo,  who  knew  him  well  for  many  yeara*  may  perfaapa  be 
permitted  to  bear  hia  teatimonr  to  the  remarkable  ana  naranafcl 
charm  of  hia  personality.  While  we  revered  him  aa  one  of  the  last 
of  the  old  heroio  race  of  ffeologiata ;  while  we  honoared  him  Ibr 
the  endless  enthastaam  and  peraeveranoe  with  whioh,  often  in  the 
midst  of  many  hindranoea,  he  devoted  eveiy  leianre  moment  to  the 
cause  of  geology ;  while  we  admired  him  for  hia  infinite  patienoe, 
the  scrupulous  caution,  and  the  laborioua  ezhauativeneaa  of  hia 
xesearchea,  we  loved  him  for  the  gentle,  ohild*Iike  aimplioity  of 
his  heart,  his  unaffected  modeaty,  and  his  genubie  goodneas.  His 
bright  sunny  temperament  always  found  out  what  waa  beat  in 
those  with  whom  he  came  in  contact  Hia  unfailing  qfmpaHqf 
delighted  to  find  expression  in  active  helpfblneas.  The  amile  tiiat 
lighted  up  bis  handsome  features  seemed  to  reveal  at  one  glance 
the  tenderness,  kindliness,  and  truthfulness  of  his  natare.  One  felt 
after  an  interview  with  him  cheered  and  brightened  by  contact  with 
one  whose  serene  old  age  seemed  to  plaoe  him  so  far  above  the 
littleness  and  troubles  of  life.  While  his  writings  will  perpetuate 
his  scientifio  achievements,  it  should  be  placed  on  record  that  it  was 
not  these  achievements  alone  which  gave  Sir  Joseph  Prestwich  his 
pre-eminence  among  his  contemporaries,  but  that  he  owed  this 
position  in  large  measure  to  the  integrity  and  charm  of  his 
character."     (p.  421.) 

Sir  Joseph  Prestwioh's  career  most  aptly  illustrates  the  proverb — 
''llie  child's  the  father  of  the  man."  Beginning  from  hia  earliest 
youth  with  remarkable  habits  of  application  to  study,  with  great 
industry  and  self-denial,  coupled  with  an  intense  love  of  science 
and  a  keen  desire  to  be  a  geologist,  he  yet  submitted,  from  a  strong 
sense  of  duty  and  obedience,  to  work  at  his  father's  city  business 
from  18,  and  so  went  on  until  he  was  60  years  of  age.  During 
those  forty-two  years  of  uncongenial  mercantile  cares,  Prestwich 
squeezed  into  their  leisure  hours  a  lifetime  of  scientific  work,  such  as 
few  men  could  have  accomplished  had  they  devoted  all  their  existence 
to  it,  unhindered  by  any  business  calls  or  anxieties  whatever. 

The  following  are  a  few  of  Sir  Joseph  Prestwich's  leisure- 
hour  achievements :  — 138  published  scientific  books,  memoirs, 
and  papers.  Elected  an  F.6.S.  in  1833,  elected  and  served  on 
the  Council  of  the  Geological  Society  1846-68,  one  of  the 
founders  of  the  PalffiontograpViVQaV  Sooiet^  1847,  elected  an  F.R.S. 
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in  1853,  served  as  one  of  the  Secretaries  of  the  Geologioal 
Society  1855,  became  Treasurer  of  the  Geological  Society  1856-68, 
appointed  a  Koyal  Commissioner  on  Water  Supply  1865,  appointed 
a  Royal  Commissioner  on  Coal  Supply  1866,  elected  President 
of  the  Geological  Society  1870-72,  Vice-President  of  the  Royal 
Society  1883.  In  1849,  when  only  37  years  of  age,  Prestwich 
received  the  <*  Wollastou  Gold  Medal."  On  23rd  June,  1874,  when 
62  years  of  age,  having  already  accomplished  a  lifetime  of  work, 
he  was  elected  Professor  of  Geology  in  the  University  of  Oxford,  as 
successor  to  Professor  John  Phillips,  F.R.S.,  a  Chair  which  he  held 
for  fifteen  years,  retiring  in  1887,  at  the  age  of  75  years  I  In  1874 
the  Telfonl  Gold  Medal  and  premium  were  awarded  to  Professor 
Prestwich  for  his  paper  on  "  The  Geologioal  Conditions  afifecting  the 
Construction  of  a  Channel  Tunnel."  He  was  made  an  Honorary 
D.C.L.  (Oxon)  in  1888,  and  received  knighthood  in  1895  (sdt.  84). 
Truly  it  may  be  said  of  Sir  Joseph  Prestwich  in  the  words  of 
Chaucer — 

"  Jt{e  inas  a  benag  perfigbt  gmtil  fenfg{)t."         H.  W. 
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NOTE    ON    JMMOXIT£S    EUOMPHALUS,    SHARPE. 

Sib, — The  locality  given  by  Sharpe  for  his  type  of  this  Ammonite 
is  quite  wrong.  Dr.  Rowe  and  myself  have  just  returned  from  a 
survey  of  the  Dorset  coast,  and  Mr.  Crick  has  shown  me  the  type. 
The  matrix  of  Sharpens  specimen  is  identical  with  that  of  the 
specimen  from  Humble  Point  collected  by  us,  and  closely 
approximates  to  the  matrix  of  the  specimen  collected  by  the 
Geological  Survey.  There  is  no  matrix  anything  like  it  in  Man  o' 
War  Cove,  nor  is  there  anything  like  it  in  any  of  the  Dorset  coast 
sections.  It  undoubtedly  came  from  the  Whitland's  section  in 
Devonshire. 

This  is  an  excellent  example  of  the  confusion  caused  by  accepting 
any  previous  records,  when  attempting  to  do  zonal  work  or  make 
tables  of  occun-ences.  The  fossils  should  be  personally  collected  by 
those  who  are  responsible  for  the  stratigraphy  ;  error  is  then  reduced 
to  a  minimum.  C.  Dayies  Shebbobn. 


SIR  WILLIAM    HENRY    FLOWER, 

K.C.B.,    LL.D.,    D.C.L..    D.Sc,     F.R.C.S.,    Ph.D.,    [F.R.S.,    F.L  S.,   F.Q.S.,   Pnes-Z.S., 

KNIQHT  OF  THE    PRUSSIAN  ORDER   "POUR   LE   MERITE,"   ETC.,    ETC.,    ETC. 

BOSN  XOVBMBBR  30,    1831.  DiBD  JuLT    1,    1899. 

Few  men  have  had  the  satisfaction  to  see  so  large  a  share  of  their 
hopes  ami  ambitions  in  life  realized  as  Sir  William  Flower. 

Born  in  the  historic  town  of  Stratford-on-Avon,  where  his  father's 
family  had  already  resided  for  many  years,  he  had  the  good  fortune 
to  be  the  second  son,  and  was  consequently  permitted,  from  his 
yoath  up,  to  pursue  that  innate  love  of  natural  hlfttox^  yiYaOcl  ^^^xwi^ 
eternal  in  the  ecboolboy  breast,  but  seldom  \aaU  l\\\  T!Ei^T!Lti.QCk^.    \tL 


m 

jomng  Flowar't  oiw  it  ww  to  iMfe  a  llfalfaMt  Ibr  it  wis  iMlmi 
throt^  hit  beiDg  atrly  bratuht  In  oonfeMt  wMi  that  ^itwi 
naioralittud  geolqgirt»  th«  mw.  P.  B.  Brodi^  ILA^  F.OA, 
who  WM  the  ini  penon,  m  Flower  hinMeir  inftanMi  tfaa  write. 
to  inipim  Um  with  a  taste  Ibr  ooUeoiing  Ibeeila  and  otlier  netaal- 
hietory  objeoti,  and  to  Btimalato  U^  powen  of  obeervatfan  to  the 
field  aa  a  nologtet 

After  hie  eolMoldaye  were  over,  ha  auftrioalalad  at  tha  Uniwrily 
'Of  London  in  1849,  with  honoon  in  Zoology,  and  in  the  aaaa  year 
he  entered  the  Medioal  Olaeeea  at  UniTonity  OoU^  and  beoHM 
a  pupil  at  the  Hiddleeez  Hospital.  Hare  ha  gdnedtiia  gold  naddln 
Dr.  Bhsrpej's  class  in  Physiology,  aad  the  silver  madai  in  ZoohM 
and  passed  the  first  ILB.  of  tha  London  Unitaivi^  in  185L  la 
1854  he  beoama  a  member  of  tha  Rani  OollMe  of  SoigeoiiB;  hs 
shortly  afterwards  joined  the  68rd  Be||nttantb  and  amharlcM  ftar  Oobf 
stantinople,  war  with  Rnsda  haTing  jaat  then  been  daoland.  Tha 
sufferings  of  ttie  British  Army  in  the  Orimea  are  now  a  mattsr  af 
history,  and  young  Flower,  who  paand  tha  first  winter  widi  Us 
regiment  there,  ezperienoed  all  the  sereri^  of  tha  olimato^  oOosn 
and  men  bein^  alike  without  tents  and  aven  neosssaiy  warss 
olothing,  snfEenng  fh>m  frostbite  and  axposnre  fbr  many  waste 
avery  night  in  the  open  air.  Mr.  Flower,  who  was  navar  m  a  wj 
robust  oonstitntion,  at  length  broke  down  and  was  invalided  home; 
soon  after  reoeiTing,  at  the  hsnds  of  the  Queen,  tha  war-madsl  with 
olasps  for  the  Alma,  Inkermann,  BalaclaTa,  and  Sebastopol. 

Shortly  after  his  reoovery,  he  joined  the  staff  of  the  Middleeez 
Hospital  as  Demonstrator  in  Anatomy,  and  resigned  his  position 
in  the  Army  in  order  to  settle  and  take  a  praotioe  in  London.  In 
1857  he  passed  the  examination  for  the  Fellowship  of  the  Royal 
College  of  Surgeons,  and  next  year  was  elected  Assistant-Surgeon 
to  the  Middlesex  Hospital,  holding  also  the  office  of  Curator  of  the 
Museum  and  Lecturer  on  Comparative  Anatomy  in  the  same 
institution. 

In  1858  he  roari-ied  Georgiana  Rosetta,  youngest  daughter  of 
Admiral  W.  H.  Smyth,  F.R.S.,  the  well-known  Astronomer  and 
Hydrographer. 

In  1861  the  important  oflRce  of  ConserTator  of  the  Museum  of 
the  Royal  College  of  Surgeons  of  England,  commonly  called  the 
''Hunterian  Museum,"  became  vacant  by  the  death  of  Professor 
Quekett  The  collections  under  the  Conservator's  charge  were 
most  extensive,  and  very  varied  in  their  nature,  embracing  Snigery, 
Pathology,  Anatomy,  Physiology,  Zoology,  and  Palaeontology,  and 
some  knowledge  of  these  diverse  subjects  was  required  by  tha 
occupant  of  the  office.  The  appointment  was,  however,  congenial 
to  Mr.  Flower's  tastes,  and  for  it  he  gladly  relinquished  the  praotioe 
of  his  profession  and  his  connection  with  the  Middlesex  Hospital ; 
he  henceforth  devoted  himself  wholly  to  scientific  pursuits.  Tha 
care  of  the  Museum  and  its  complete  reorganization  and  grsdoal 
augmentation  constituted  for  many  years  his  principal  employmant» 
every  department  having  \iiilotl\itktt\jbV|  mien  into  arrears,  as 
regardB  oataloguing  and  arrang|emftii\^  %X  V^^  ^tDfe\ift  \w3i.  ^&aae^ 
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of  it  The  HuQtarian  Professorship  of  Comparative  Anatomy  and 
Physiology  (which  for  twenty-five  years  had  been  held  in  oon- 
j unction  with  the  conservatorship  of  the  Museum  by  Professor  Owen) 
had  been  separated  from  it  some  time  previously,  and  was  then  held 
by  Professor  Haxley,  who,  however,  was  compelled  by  the  pressare 
of  other  engagements  to  relinquish  it  in  1869,  when  the  two 
offices  were  again  united  by  the  appointment  of  Mr.  Flower  to 
the  Professorship,  the  duties  of  which  consist  in  the  delivery  of 
a  short  course  of  lectures,  on  dififerent  subjects  each  year,  illustrated 
by  the  preparations  in  the  Museum. 

Professor  Flower  was  elected  a  Fellow  of  the  Boyal  Society  in 
1864,  and  served  several  times  on  the  Council.  In  1879,  on  the 
death  of  the  Marquis  of  Tweeddale,  President  of  the  Zoological 
Society,  he  was  elected  to  succeed  him  in  that  office,  and  he  held 
the  Presidency  up  to  the  time  of  his  death,  a  period  of  twenty  years ; 
he  had  previously  served  for  years  on  the  Council  and  as  one  of 
the  Vice-Presidents.  He  was  elected  a  Vice-President  of  the 
Anthropological  Institute  of  Great  Britain  and  Ireland  in  1879,  and 
President  in  1883. 

In  connection  with  the  British  Association  for  the  Advancement 
of  Science,  he  has  held  the  offices  of  Vice-President  of  Section  D 
(Biology),  Norwich,  1868 ;  President  of  the  same  section  at  Dublin, 
1878 ;  President  of  the  Section  of  Anthropology  at  York,  1881 ;  of 
Biology  at  Oxford,  1894 ;  and  President  of  the  British  Association 
at  Newcastle-on-Tyne,  1889.  He  was  also  President  of  the  Section 
of  Anatomy  at  the  International  Medical  Congress  in  1881.  He 
was  several  times  Examiner  for  the  Natural  Science  Tripos  in  the 
University  of  Cambridge,  and  delivered  lectures  at  the  Boyal 
Institution,  Albemarle  Street 

In  1884  Professor  Flower  was  appointed  Director  of  the  Natural 
History  Departments  of  the  British  Museum,  Cromwell  Boad,  as 
snccessor  to  Professor  Sir  Eichard  Owen,  retired ;  which  post  he 
held  till  October,  1898,  when  failing  health  compelled  him  to 
relinquish  active  work,  and  he  was  succeeded  by  Professor  E.  Bay 
Lankester,  D.C.L.,  F.B.S.,  the  present  Director  of  that  Institution. 

The  Boyal  Society  awarded  him  one  of  its  Boyal  Medals  in 
November,  1882,  for  his  contributions  to  the  Morphology  and 
Classification  of  the  Mammalia,  and  to  Anthropology.  He  received 
the  honorary  degrees  of  LL.D.  of  the  University  of  Edinburgh  and 
of  Dublin  in  1878,  and  D.C.L.  of  Durham  in  1889.  He  was  made 
a  C.B.  in  1887  and  a  E.C.B.  in  1892. 

Among  Sir  William  Flower's  contributions  to  Anatomy  and 
Zoology  may  be  mentioned  **  A  Supplement  to  the  Catalogue  of  the 
Pathological  Series  in  the  Museum  of  the  College  of  Surgeons," 
1868;  "A  Catalogue  of  the  Series  of  Human  Osteology,"  1879; 
'*  Introduction  to  the  Osteology  of  the  Mammalia."  1870 ;  **  Fashion 
in  Deformity,  as  illustrated  by  the  Customs  of  Barbarous  and 
Civilized  Baoes,"  1881 ;  **  Observations  upon  the  Posterior  Lobes  of 
the  Cerebrum  of  the  Quadrumana,"  1862;  "On  the  Commissures 
of  the  Cerebral  Hemispheres  of  the  MarsupiaWa,  sa  ooxn^ttx^  ^\^ 
thoee  of  the  Placental  Mammals,"  1865 ;  *'  On  i\i^  De^^o^xn^^vA*  %xA 
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SoooMtion  of  the  Teeth  in  the  HAnopudU,^  18S7,  in  whibh  (he 
lemarkable  peoolieritiee  of  tiie  milk-dentikion  in  thet  gronp  of 
animals  were  first  olearhr  demonstrated ;  **  The  Afflmtte  and 
Probable  Habits  of  the  £ztinot  Anstnaian  Maisopial  TkffiacolM,*' 
1868 ;  "  On  a  newly-disoovered  BztimA  Mammal  nom  PatagDniSk"* 
1873 ;  seven  memoirs  on  the  anatomy  of  the  Oetaoea,  or  whale- 
like  animals,  in  the  Trans.  ZooL  Soa ;  end  in  the  Prooeeding% 
papers  on  the  **  Olassifioation  of  the  Oumivora,**  on  the  Anatomy 
of  the  Hnsk-Deer,  the  EIephaut-Seal»  the  Common  F!n-Whale»  and 
many  other  animals ;  "  Observations  on  the  Osteology  of  the  Natives 
of  the  Andaman  Islands,'*  1879,  of  the  Fijians,  1880,  and  the  Halli- 
ooUese  in  1881 ;  <'  The  Palasontokgiosl  ISvidenoes  of  the  Orsdnsl 
Modifioation  of  Animal  Forms,**  1878 ;  "  The  Eztinot  Animals  of 
North  Amerioa,"  1876 ;  end  "  Native  Baoes  of  the  Padflo,'*  187& 

His  separate  works  oomprise  "  Introdootion  to  the  (Xiteotogy  of 
Mammalia,**  of  which  three  editions  have  been  published  ;  ''Intro- 
dootion to  the  Study  of  Mammalia,  Living  and  Eztinot'*  (in  oon* 
junotion  with  R.  Lydekker,  F.B.&),  1891 ;  "The  Horse»  a  Study  in 
Natural  History,*'  1892;  and  ''Bssays  on  Museums  and  other 
snbjeots  oonnected  with  Natural  History,**  1898.  The  long  aerieaof 
artioles  on  Mammalia  in  the  "  Bnoyolopndia  Britannioa**  were  slso 
written  by  Sir  William  Flower. 

Apart  from  Flower's  position  as  a  leading  authority  on  the 
Mammalia,  more  especially  the  Oetaoea,  he  will  idways  be  reoogniaed 
as  facUe  princeps  amongst  Museum  Curators  :  his  ohief  object  in 
life  sinoe  his  appointment  to  the  post  of  Conservator  of  the  Museum 
of  the  Royal  College  of  Surgeons,  and  until  his  retirement  from 
the  Directorship  of  the  Natural  History  Museum,  Cromwell  Boad, 
having  been  to  arrange,  display,  and  label  specimens,  so  as  to  give 
to  the  inquiring  student,  or  the  intelligent  visitor  the  greatest 
instruction  and  enjoyment  from  a  survey  of  the  oases  and  galleries 
under  his  charge.  He  certainly  inspired  all  those  who  were  capable 
of  being  influenced  by  his  example  with  a  spirit  of  emulation  and 
a  desire  to  make  the  very  best  of  their  own  section  of  the  Museum. 
The  remarkable  series  of  illustrations  of  variation,  of  coloration,  of 
mimicry,  and  of  the  anatomy  of  the  vertebrata,  which  adorn  the  cases 
of  the  Central  Hall,  are  in  themselves  a  monument  to  his  genius. 

Although  unable,  through  failing  health  and  weakened  bodily 
powers,  to  achieve  the  completion  of  the  rearrangement  of  the 
Zoological  Galleries  (a  task  undertaken  far  too  late  for  realization), 
he  was  nevertheless  enabled  to  show  in  a  temporary  annexe  at  the 
west  end  of  the  Museum  the  most  instructive  series  of  models  of 
Cetacea,  displaying  on  one  side  the  actual  skeleton  and  on  the 
other  the  restored  external  life-like  characters  of  these  huge  monsters 
of  the  deep,  which,  belonging  to  the  highest  group  of  vertebrate 
animals,  yet  surpass  in  bulk  the  hugest  of  the  old  Dinosaurs  or 
any  other  extinct  reptiles  that  trod  the  earth,  or  tenanted  the  waters 
in  Jurassic  or  Cretaceous  times. 

Truly  it  may  be  said  of  Flower  in  connection  with  the  arrange- 
inent  of  the  collections  \n  t\ie  ^qXticbA.  History  Museum— 

**  Si  monnmentum  qussra,  c^xqsqx&b^v^^  H.  W. 
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L — NOTl  ON  THl  DlSOOYKBT  OF  MiOLANIA    AND  OF   OlOSSOTHBRIUU 

(Neomtlodon)  in  Pataoonia. 

By  Fkakcbsco  F.  Morbwo,  F.R.G.S.,  Corr.M.Z.S.Lond., 
Director  of  the  La  Plata  Muaeiim. 

SINGE  1877,  when  I  disoovered  the  Tertiary  Mammalian  heds  of 
Santa  Cruz,  in  Patagonia,  I  hare  been  looking  for  proofs  of  the 
ancient  oonneotion  between  the  new  uplifted  lands  of  the  southern 
part  of  the  American  oontinent  and  the  other  lands  of  the  Southern 
nemisphere— Afrioa  and  Australia.  During  my  subsequent  travels 
in  the  interior  of  the  Argentine  Bepublio,  including  Patagonia,  my 
interest  in  that  connection  has  been  increasing,  and  I  have  discovered 
additional  evidence,  which  showed  me  the  former  greater  extension 
to  the  east,  in  comparatively  modem  times,  of  the  actual  existing 
lands.  The  splendid  results  of  the  researches  made  by  the  La  Plata 
Museum  in  Patagonia  have  revealed  a  great  number  of  lower 
forms  of  vertebrates,  including  numerous  marsupialia,  some  of  which 
seem  to  me  closely  related  to  the  mammals  of  the  Pleistocene  fauna 
of  Australia,  and  among  them  Pyrotherium  with  Diproiodon.  I  think 
that  my  suggestion  has  an  indubitable  confirmation  in  the  discovery 
made  by  the  expeditions  which  I  sent  in  1897  and  in  the  first 
months  of  this  year,  under  the  direction  of  Mr.  Santiago  Both, 
expeditions  that  have  had  astonishing  results. 

In  beds  containing  remains  of  mammals  and  dinosaurians,  Mr.  Both 
disoovered  in  1897  a  caudal  sheath-ring,  very  similar  to  those  of  the 
Olffptodon^  but  which  I  at  once  recognized  as  pertaining  to  a  form 
like  the  chelonian  of  the  Pleistocene  of  Queensland,  described  by 
Owen.  I  brought  this  fossil  with  me  to  London  for  comparison 
with  the  remains  of  Miolania  preserved  in  the  British  Museum 
(Natural  History).  The  resemblance  was  great,  but  the  fact  of 
a  Tertiary  chelonian  from  Patagonia  being  analogous  to  the 
Pleistocene  genus  from  Queensland  and  Lord  Howe  Island  was  so 
astonishing,  that  some  doubt  was  permitted ;  but,  having  previously 
ordered  a  new  examination  of  the  fossiliferous  bed  where  the  remains 
were  found,  I  have  now  the  certainty  of  the  extremely  close  relation 
between  the  Australian  and  Patagonian  ohelomoju   \  \iV9^  t^c^sv^^ 

racAPJ  jr. — roL,  n.— jro.  u.  ^^ 


386 


Dr.  F.  P.  Moreno — Miolania,  etc.,  in  Patagonia. 


several  photographs  of  a  akull  disoovered  by  Mr.  Koth,  whidt 
photographa,  when  compared  with  the  Australian  apecumens  in  the 
British  Museum  (Natural  History),  give  no  plao»  for  douht  opoD 
'this  matter.     I  think  that  it  is  sufficient  for  the  present  to  give  two 


. — Front  view  of  nkull  (A)  and  oAe  view  of  tail-«hcath  (B)  of  ifioliiitU  Okmi 
(greutlT  reduced],  from  Pleistocene  Depogits,  Que«n>land,  An'trali>. 
[Originally  deaonbed  u  Ififfolmnia  prUea  (Oven,  18S0).] 

cuts  representing  the  two  forms  of  Hiolania.  I  exj^ect  in  a.  few  dayi 
the  original  specimen  from  Patagonia,  together  with  various  bone* 
nnd  additional  remains  of  the  caudal  shaath,  with  some  of  ths 
carapace.  These  will  be  the  subject  of  a  special  description  bj 
Mr.  Arthur  Smith  Woodward,  who  has  so  kindly  oommenced  stodiei 
ou  the  fossil  reptiles  in  the  La  Plata  Museum. 


I  "f  phufi^rnph  nf  Ihi 


;  frniit  view  of  B^iiill  (with  the  Ihitit 
P'lta^onln  liy  Mr.  S.'iutiugo  Uolb,  u 
;iitlv  riilueiMl  ID  nizi'.] 


La  I'lnta  JLu.-.nni,  Arg.T' 
I  have  also  brought  with  mo  to  London  a  piece  of  a  akin 
discovereil  in  a  cnve  near  Last  Hope  Inlet  (lat.  S.  51°  30").  whith 
I  have  i-eferreil  to  a  sjiecies  of  the  extinct  MijJodon  (see,  "On 
a  Portion  of  Mnrninalinn  Skin,  named  Neimijlodon  ttitat,  from 
a  Cavern  near  ('onanelo  Cove,  Last  Hope  Inlet,  Patagonia."  lij 
Dr.  F.  P.  Moreno,  O.M.Z.S. ;  with  a  description  of  the  specimen 
by  A.  Smith  Wooilward,  F.Z.S.) ;  while  Mr.  Ameghino  ha 
Bnnoimood  that  another  piece  of  the  same  skin  pertains  to 
a  luamniat  still  living,  of  email  size,  which  he  has  callsd 
Neomylodon.      When  1  loot  ftiw  y^w»  s.^  \iMt   Hope    Inlet  in 
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NoYeml)er,  1898,  I  was  oonvinoed  that  it  was  part  of  the  skin 
of  a  Mylodon  or  a  form  ^ery  similar  to  it,  and  that  the  disoovery 
was  of  great  importance  to  me,  as  I  think  that  the  Pampean  mads, 
where  the  extinct  Edentata  are  found,  are  of  very  modem  age, 
an  opinion  contrary  to  that  held  by  another  observer,  Mr.  Ameghino, 
who  refers  the  Pampean  fauna  to  the  Tertiary  age.  I  have 
already  maintained  that  the  extinction  of  the  greater  part  of  the 
Pampean  fauna  took  plaoe  after  the  presence  of  man  in  a  relatively 
advanced  culture,  called  Neolithic  culture.  Having,  then,  great 
interest  in  the  continuation  of  the  investigations  in  the  cave, 
I  ordered,  before  coming  to  London,  more  extensive  researches,  and 
these  have  been  made  with  very  successful  results. 

Dr.  Otto  Nordenskjold  bad  previously  obtained  in  1896  a  piece  of 
tlie  same  skin,  which,  it  is  known,  was  discovered  by  a  party  of 
Argentine  surveyors  during  the  preliminary  studies  for  the  boundary 
between  Argentina  and  Chili  in  the  Andean  Cordillera,  and, 
recognizing  also  the  importance  of  it.  Dr.  Erland  Nordenskjold  went 
last  year  to  the  same  spot  to  look  for  some  more  remains.  The 
excavations  which  he  made  gave  him,  so  far  as  I  know,  some  bones, 
pieces  of  jaws,  teeth,  and  claws  of  the  same  animal,  but  he  did  not 
obtain  more  remains  of  the  skin.^  My  assistant,  Mr.  Hauthal, 
arrived  later  at  the  cave,  when  Dr.  Erland  Nordenskjold  had  terminated 
his  researches,  and  commenced  further  exploration.  He  obtained, 
not  only  skulls,  jaws,  teeth,  bones,  and  claws,  but  also  a  nearly 
complete  skin  of  the  animal,  which  shows  that  it  is  a  QloBBoiherium, 
together  with  bones  of  Macrauehenia,  Equus,  and  Auchenia,  also 
a  great  quantity  of  dung,  hay  cut  by  man,  ashes,  and  some  bones 
worked  by  man.  I  am  not  yet  sure  if  the  bones  of  man  discovered 
by  Mr.  Hauthal  were  found  in  the  same  cave  or  in  one  of  those  in 
its  neighbourhood ;  but  the  presence  in  the  QloBBothennm  deposit  of 
bones  worked  by  man  is  a  proof  that  man  and  other  mammals, 
whose  remains  have  been  discovered  in  the  cave,  were  contemporary. 
I  suggest  that  the  skin  has  been  preserved  by  man  for  bedding. 
In  the  caves  inhabited  by  ancient  man  in  Patagonia  I  have  seen 
€ut  hay,  and  probably  this  also  was  used  for  beds. 

I  expect  to  receive  in  a  few  days  all  these  specimens  at  the  same 
time  as  those  of  the  Miolania,  together  with  reports  on  the 
discoveries,  and  I  think  they  will  arrive  in  time  for  me  to  exhibit 
these  remains  at  the  meeting  of  the  British  Association  at  Dover. 

The  discovery  made  by  Mr.  Roth  of  some  advanced  Mammalia  in 
the  beds  that  contain  dinosaurians,  and  Mr.  Hauthal's  discovery  of 
remains  of  extinct  vertebrates  and  other  mammals  in  the  caves  of 
Southern  Patagonia,  associated  with  Macrauchenia,  horse,.  Auchenia, 
and  man,  are  proofs  of  the  very  recent  changes  in  the  physical 
geography  of  Patagonia,  and  afiford  most  interesting  problems,  which 
can  only  be  solved  by  a  systematic  examination  of  the  Argentine 
country  by  experienced  geologists.  In  the  course  of  my  paper  read 
"before  the  Royal  Geographical  Society,  I  proposed  that  this  Society, 

1  E.  Nordenskjold,  "  Neue  Uniersucliungen  iiber  Acomylodon  U»t*\^'*  \  1^^^ 
^bizciger,  Tol.  xxii  (1899),  pp.  335,  336. 
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the  Royal  Society,  and  the  British  MuBetim,  with  other  BoientiGi 
inatitolions,  should  proceed  to  carry  out  these  necesBary  investigatiuni. 
These  probleuB  are  Dot  extraneous  to  the  esploratjoas  which  m&j 
be  earned  out  by  an  Antarctio  eipedition,  and  I  thiuk  the  new 
diBooveries  which  I  now  oommunicate  to  the  Geological  Maoazink 
may  urge  on  the  dispatch  of  such  expeditions  ns  I  propose.  If  thua 
expeditions  be  made,  how  many  changes  may  be  produced  in  nctuil 
and  general  ideas  on  the  age  of  the  South  American  fossiliferous 
strata,  on  the  disappearance  of  the  lost  soulhei-o  lands,  and  on  the 
affinities  of  exlinot  faunas  so  distant  iu  time  and  epaoe  as  those  of 
South  America  and  Australia, 

II, — CoNTBiBnrioNa  to  Fobbil  Cbu8tacea. 


(PLATE  SV.) 

THE  followin;;  notes  are  devoted  to  a  small  series  of  Crustaoeft,  . 
not  directly  related  to  one  another,  but  whioh  have  been 
awaiting  a  favourable  moment  for  description. 
1.  Bklundeub  gb4ND«vub.  Jones  &  Woodw.  (PI.  XV,  Figs.  2  ' 
and  3;  X  6  diam.) 
Through  the  kindness  of  our  friend  Dr.  Henry  M.  Ami,  H.A., 
F.Q.S..  Aaaistant-Palrtiontologist  to  the  Geological  Survey  of  Canada, 
and  with  the  permission  of  the  Director,  Dr.  G.  M.  Dawson,  C.M.G., 
F.R.8.,  wo  reoeivod,  a  year  ago,  two  tiny  Bpecimens  of  Falaozoio 
Limuloid  Crustaceans,  referable  to  the  genna  Bel/inuntt  of  Ednig. 
Dr.  Ami  writes  : — "  The  prooise  locality  of  these  protolimiiloid 
Cruetaoeans  is  the  6th  catting  eut  of  Kiversdale  Station  on  the 
Intercolonial  Railway  of  Canada,  in  the  county  of  Colohester,  Nova 
Scotia.  There  are  besidea  this  Crustaoean  (which  you  are  at  liberty 
to  describe  if  you  wish)  a  number  of  plant-  and  animal-remaiiu 
BBBOciated  in  the  same  beds,  viz, :  AtterophyUitet  adealaru  ;  Spkoh 
opUrii,  sp, ;  Ot/eloplerii  (Aimmtei),  sp. ;  Ostraooda :  Anthracomya 
Mtmta,  etc,  etc.  A  apeciea  of  Leaia,  closely  related  to  Leai» 
triearinala,  also  ooocrs  here,  and  fem-pinnules  allied  to  NeuropterU, 
besides  CalamileM,  Cordailes,  etc.  The  shales  from  which  thess 
Crastaoeans  were  obtained  are  overlain  conformably  by  sandstones 
and  red  shales  of  great  thiokneaa,  and  these  in  turn  are  auooaformably 
Dapped  by  Lower  Carbonifercns  Marine  Limestones.  Thna,  in 
descending  order  the  strata  are  :— 

1.  Lower  Caibooiterouj  Huina  LimGitoiies. 
(Uncouf  aimity. ) 

2.  Bed  rocki  of  tJnion  and  Biveradale  S«riei. 

3.  Black,  gnj,  and  kIomt  ihalM  of  Birendals  and  noinitr. 
(UawnTormity.}'*' 

1.  Turning  to  the  speoimens  themMlvei,  the  label  state*  "0» 
Bnt  speoimen  foond  by  Mr.  Ami "  (wbieh  is  represeoted  on  PL  XV. 
I^g.  S,  enlarged  ux  disoa,)  u  «s«)l  \o  Va  &«ni  Uw  "  3rd  oottiig 
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Mat  of  Colnary  Biver  (80,  vi,  1897),"  and  showB  a  nearly  entire 
lead-shield  and  a  portion  of  five  thoracic  aegmente  of  a  small  Lima- 
toid  Crustacean,  probably  near  to  Bellinwui  regina,  Batly,  from  the 
Irish  Coal-measures,  and  measnring  in  its  present  imperfect  state 
)  mm.  in  breadth  and  4  mm.  in  length.  The  cephalic  buckler  is 
;wice  as  broad  as  it  is  long ;  the  angles  of  the  shield  are  moderately 
produced,  and  the  ocular  and  median  ridges  of  the  shield  are  very 
iistinctly  marked,  and  also  the  position  of  the  compound  eyes ;  the 
horaoic  segments  are  distinct,  and  sharply  pointed  at  their  free 
extremities.  The  margin  of  the  head-shield  is  slightly  thickened 
ind  raised,  and  the  front  margin  somewhat  depressed.  The  telson 
>r  tail-spine  is  not  preserved.     Each  specimen  is  ifUaglio. 

2.  The  second  specimen  obtained  {*'  6,  vii,  1897  ")  is  labelled  from 
;he  *'  AaterophyUiiea  or  6th  cutting  east  of  Biversdale,  Colchester  Co., 
^[ova  Scotia."  Although  only  one  side  of  the  specimen  and  the  telson 
ire  preserved,  it  happens  to  take  in  rather  more  than  one-half,  so  that 
jy  tracing  and  reversing  the  outline  one  obtains  a  very  correct  idea 
)f  the  form  of  the  entire  animal  (PL  XV,  Fig.  2).  The  specimen  is 
larger  than  No.  1,  measuring  9  mm.  in  length  and  7  mm.  in  greatest 
[)readth  when  restored.  The  artist  did  not  detect  the  ocular  line  in 
this  specimen,  but  it  is  really  present  as  a  minute  depressed  line 
)utside  the  glabella,  having  a  deeper  spot  where  the  compound  eye 
wsLs  situated.  Three  radiating  lines  seen  on  the  right  side  of  the 
liead- shield  are  pi*obably  traces  indicating  the  presence  of  some  of 
the  six  pairs  of  maxillipeds  or  jaw-feet  seen  in  the  modem  King- 
3rab  {Limtdtu),  The  cheek -spines  of  the  head -shield  are  well 
developed,  and  extend  backwards  to  the  4th  thoracic  segment.  Five 
nrell-defined  thoracic  segments  can  be  distinctly  observed,  and  two 
[or  three?)  shorter  abdominal  ones  in  front  of  the  telson.  The 
ateral  margins  or  pleurae  of  these  thoracico-abdominal  segments 
ippear  to  be  distinctly  truncated,  unless,  as  is  just  possible,  their 
pointed  extremities  may  have  been  detached  and  have  adhered  to  the 
counterpart  impression  of  the  specimen  which  has  not  been  preserved. 
The  median  axis  of  these  segments  rapidly  diminishes  in  breadth 
from  the  head  towards  the  telson,  as  is  seen  to  be  the  case  in 
Bellinurua  regina.  The  telson  or  tail-spine  is  robust,  and  rather 
nore  than  one-third  of  the  entire  length  of  the  animal. 

As  stated  elsewhere — see  Pal.  Soo.  Men.,  **  Brit  Foss.  Crustacea : 
The  Merostomata,"  Part  Y  (Xiphosura),  1878,  p.  236 — we  believe  that 
:he  five  segments  composing  the  thorax  in  BeUinuriu  were  free  and 
noveable,  as  in  the  larval  stages  of  the  young  of  the  living  lAmulus 
9o!yphemua  and  L.  Moluccanua,  and  that  such  was  also  the  case 
!n  Neolimtdtta  falcaiua,  H.  Woodw.,  from  the  Upper  Silurian, 
Liesmahagowy  Lanarkshire,  the  earliest  Limuloid  Crustacean  that 
we  know. 

Although  Bellinurua  is  a  very  ancient  type  of  LtmuZtis,  it  has  not 
it  present  been  found  in  rocks  of  earlier  age  than  the  Coal-measures, 
lor  can  we  assert  that  the  black,  grey,  and  glossy  shales  o{ 
Kiversdale,  Colchester  Co.,  Nova  Scotia,  in  which  these  specimens 
occur,  are  older  than  Carboniferous. 
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Zeaia  LndmiiT,  B.  Jobes,  whidh  ooban  wiih  JMUnanw  in  fbm 
IHyersdale  blaok  shales,  ooonrt  in  the  Lower  OarboniAcow  of 
Pennsylvania,  bat  in  rooks  "regarded  by  some  seologists  as  tht 
uppermost  part  of  the  Devonian  or  Old  Bed  Sandstona.*'  ^  Zmm 
also  oooors  in  the  Upper  GoaUmeasares  of  Lancashire  send  ths 
Lower  Oarboniferoos  of  f  ifeshire  (Jones,  op.  oit). 

In  his  «*  Acadian  QeoU^"  (8rd  edition,  1878),  Sir  William 
Dawson  gives  an  interesting  account  of  the  geology  of  Colchester 
Co.,  Nova  Scotia,  and  figures  Zsata  Zeidjfi  (misspelt  'XeWt')  from 
the  Lower  Carboniferous  Coal  Formation  (see  p.  256,  fig.  78e). 
At  p.  258  he  also  gives  a  section  at  Walton  which  would  seem  to 
justify  the  inclusion  of  the  Bed  Books  of  Uaion  and  Bivendale  in 
the  Lower  Carboniferous  Series,  thus  uniting  these  disturbed  hoA% 
in  one  group.  But  this  suggestion  is  made  with  the  utmost 
diffidence,  in  the  absence  of  a  knowledge  of  the  district 

As  the  two  specimens  of  BMinuruB  (PL  XV,  Figs,  2  and  8)  an 
both  imperfect,  and  better  materials  may  at  any  time  be  forthoomingi 
it  seems  prudent  to  retrain  from  suggesting  more  than  one  trivisl 
name.  This  Crustacean  may  therefore  Im  known  as  i^siltiBsrsi 
grand^douB,  Jones  A  Woodw.,  Lower  Carboniferous  Series,  Bivers- 
dale,  Colchester  Co.,  Nova  Scotia. 

2.    HiBBKBTIA   OBBIOULABIS,  gCU.  Ct  Sp.  UOV.      (PL  XY,  Fig.  4.) 

This  small  Crustacean  shield,  together  with  other  specimens,  wai 

presented  to  the  British  Museum,  many  years  ago,  by  our  late  friend 
Dr.  John  Millar,  F.O.S.,  of  Bethnal  House,  Bethnal  Qreen.  The 
specimen  is  imbedded  in  a  finely  laminated,  micaceous,  non- 
calcareous  shale  (bluish-grey  in  section),  and  bears  the  label  **Coal  M., 
Burdiehouse.'*  It  was  at  firat  believed  to  be  one  of  Dr.  Hibbert's 
types  from  Burdiehouse,  but  nothing  like  this  fossil  was  found  to 
have  been  figured  or  mentioned  in  Dr.  Hibbert's  memoir'  on  the 
strata  and  fossils  of  Burdiehouse ;  therefore,  its  ooourrenoe  there,  as 
shown  by  its  old  label,  is  of  great  interest  It  was  reserved  for 
description  with  other  Phyllopods  to  form  part  of  a  monograph 
in  course  of  publication  by  the  Palasontographical  Society ;  but 
upon  further  examination  it  was  found  to  differ  so  markedly  from 
the  other  members  of  this  division  that  it  was  held  over  for  some 
time  for  further  consideration  and  comparison.  It  has  now  become 
necessary  to  give  it  a  name,  and  place  it  approximately  among  its 
congeners. 

Specific  Characters. — A  nearly  circular  shield,  14  mm.  broad  by 
15  mm.  long,  having  au  opening  behind,  bounded  by  two  acute 
incurved  angular  spines  which  form  the  backward  extremities  of  the 
concentric  shield  or  buckler-like  test.  The  periphery  of  the  con- 
centric part  of  the  test  is  turned  up  sharply  as  a  thin  rim  in  the 
fossil,  leaving  a  uniform  narrow  groove  behind  it,  from  which  the 
field  of  the  buckler  rises  with  a  gentle  swelling  over  and  ahmg  the 

»  "  Fo88il  Efitheriro  "  :  Pal.  Soc.  Mon..  1862,  p.  117.  pi.  v,  flffs.  11,  12. 
>  See  Dr.  S.  HibWt's  memoir.  Trans.  Roy.  Soc.  Eoinburgh,  toI.  xiii  (1836], 
p.  280,  plates. 
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oresoentic  ai-ea,  ezoept  where  the  edge  falls  in  for  a  little  spaoe  just  on 
the  centre  of  the  front  border ;  where  the  buckler  becomes  slightly 
depressed  and  the  narrow  groove  along  the  margin  is  interrupted  or 
perhaps  injured  there  is  an  obscure  impression  of  what  may  have 
been  a  jointed  antennary  organ  in  front.  The  surface  of  the  two 
lateral  areas  of  the  buckler  have  a  finely  granulated  ornamenta- 
tion, which  is  most  marked  just  within  the  peripheral  rim  of  the 
carapace,  and  is  limited  by  two  thin  parallel  granulated  ridges,  each 
starting  from  the  incurved  posterior  angles  of  the  shield,  the  longest 
being  7  mm.  and  the  shortest  only  4  mm.  in  length ;  the  intervening 
space  of  5  mm.  in  breadth,  forming  the  centre  of  the  carapace,  is 
devoid  of  the  granulated  ornament  seen  on  the  other  parts  of  the 
shield,  and  has  only  a  small  spine-like  impression  3  mm.  long,  which 
extends  for  three-quarters  of  the  entire  length  of  the  shield  as 
a  curved  irregular  incised  line.  There  are  some  other  markings, 
too  obscure  for  interpretation ;  also  a  slight  posterior  projection  on 
the  central  line,  as  if  possibly  representing  a  part  of  a  lost  series  of 
caudal  segments  (?). 

llie  presence  of  the  two  corresponding  angles,  and  the  narrow 
posterior  opening  between  them,  suggests  affinities  with  Diihyrocaris 
(cf.  1),  Seottleri  as  represented  by  McCoy,  with  its  two  raised 
lateral  ridges),  but  in  most  of  the  members  of  this  group  the  lateral 
portions  of  the  shield  are  less  circular  in  outline,  and  in  many 
the  surface  ornamentation  is  composed  of  linear  or  reticulate,  and 
only  occasionally  of  granulate  markings.  Compared  with  the 
shield  of  Apus  or  Zepidurus,^  the  general  outline  is  much  alike,  but 
the  granulated  mesolateral  ridges  continued  forward  from  each  of 
the  posterior  angles  in  Hibbertia  are  not  present  in  Apus,  whereas 
the  median  ridge  so  conspicuous  in  both  Apus  and  Dithyrocaris 
is  apparently  quite  absent  in  Hibberlia,  or  is  not  preserved  in  the 
fossiL  Contrasted  with  the  anterior  (cephalic)  buckler  in  ZtmuZtis, 
the  shield  of  Hibbertia  is  seen  to  be  nearly  circular,  whilst  that 
of  lAmvlus  is  semicircular;  the  posterior  angles  of  the  shield  of 
Hibbertia  are  contracted  together  and  directed  somewhat  inwards 
at  their  extremities,  whilst  in  Zimvlus  they  are  wide  apart  and 
directed  rather  outwards.  The  mesolateral  (ocular)  ridges  are 
present  both  in  Hibbertia  and  lAmultu,  but  in  Limulus  they  form 
a  curved  line,  not  a  straight  ridge  as  in  Hibbertia. 

The  granulation  on  the  lateral  areas  of  the  shield  and  on  the 
ridges  is  also  strange  to  Apus,  and  more  closely  resembles  that  seen 
in  some  species  of  the  Carboniferous  genus  Cyclus  (cf.  Cyclus 
Johnsoni,  H.  Woodw.,^  and  C.  testudo,  Peach,  the  former  from 
the  Coal-measures  of  Coseley,  near  Dudley,  the  latter  from  the 
Carboniferous  shales — so  rich  in  Crustacea,  Arachnida,  eta — of 
Eskdale  on  the  Scottish  borders).' 

^  See  Plate  XY,  Fi^.  I,  copied  from  Dr.  A.  S.  Packard's  hgoie.  (Mon. 
Phyllopod  Crustacea  of  ^orth  America,  1883,  pi.  xvi,  fig.  1.) 

*  See  *'  Contribations  to  our  Knowledge  of  the  Genus  Cyelut  from  tlie  Carboni- 
ferous Formation  of  various  British  Localities,*'  by  H.  Woodward:  Gbol.  Mao., 
Dec.  IV,  Vol.  I  (1894),  pp.  630-9,  PI.  XV. 

»  TnoB.  Boy.  See.  Mnbui^h,  yoI.  ixx  (1883),  p.  227,  ^\.  xrim,  ^^.  ^-^d*     ' 


None  of  the  earlier  foBBil  fornis  of  T.imuloid  Crustaceans  hitlierto 
fignred  and  liescriheii  {examplee  of  two  of  which,  Figs.  2  and  8, 
are  giTen  on  PI.  XV  willi  Eibbertin.  and  of  which  a  series  may 
be  Ktudied  on  pi.  xxsi,  figs.  1-B,  PhI.  Sud.  Mon.  Merostomal^ 
pert  T,  1678)  aid  us  in  findiug  n  suitable  form  for  comparison  irilh 
the  shield  of  ITibbertia,  nor  do  the  Inrval  stages  of  the  recent 
lamtthii  greatly  assist  ue  in  this  direolion  (see  op,  cit.,  pi.  xxsiii). 
We  are  therefore  reduced  to  the  conclusion  that  ITibbertia  may  be 
more  conTeoieDtly  placed  along  with  and  near  to  those  fomu 
referred  to  the  genus  Cijelun  than  with  any  other  group.  Undn 
these  circumstances  we  prefer  to  regnrd  it  as  heiug  oharacteriitia 
of  a  distinct  genus,  and  we  name  it  after  Dr.  Hibbert,  with  whose 
discoveries  in  the  Carboniferoas  strala  at  Burdiehouse  it  ia  atotk 
closely  associated. 

From  the  paper  hy  H.  Woodward,  alteady  referred  to,  we  make 
the  following  exlract,  to  show  the  conclusions  arrived  at  by  the 
writer  as  to  the  afiinitiee  til'  the  curious  little  forms  included  in 
genus  Cydttt,  to  which  family,  under  the  name  of  Hibhertia, 
Bpeoimen  from  Burdiehouse  must  now  he  added. 

"The  preeeuce  of  antennie  and  hiramous  swimming-legs  proves 
undoubtedly  that  Cytlui  was  a  Crustncean,  The  large  size  of  tht 
former  and  the  homogeneouB  nature  of  the  rest  of  the  appendagM  , 
(all  hiramous  Bwimming-legs,  with  iiossibly  masticatory  ba8es)i 
taken  in  connection  with  the  large,  sliglitly-bivalved  ciira]>aoe, 
suggest  that  it  is  an  Entoniostracan  and  prohsbly  one  of  the  I'hyllc- 
poda,  with  a  broad  cephalic  carapace  like  that  possessed  by  ApVM 
and  by  Laphnia  ;  with  large  swimming  Mcoud  antennas  like  the 
latter,  and  possibly  with  a  pair  of  stalked  eyei.  Oyehu,  howeTOTi 
differs  from  the  Cladooera  in  being  flattened  dono-ventrally,  and 
from  the  lowest  Crustacea  in  not  apparently  possessing  any  true 
jaw-parts — the  head,  with  the  labrum  and  month,  being  bent 
further  back  than  in  the  living  Entomostrsca.  These  differenoM 
nay  either  indicate  very  lowly  characters  or  very  much  spooiaUnd 
ones.     Two  views  suggest  themselves: — 

"  (1)  That  these  animals  were  small,  free -swimming  Phyllopodt, 
with  expanded  cephalic  shield,  swimming  seoond  antennn,  and 
biramonB  limbs,  the  bases  of  which  served  as  masticatory  organs, 
no  true  jaws  having  yet  been  developed ;  the  backward  position  «f 
the  mouth  may  have  been  brought  about  in  order  to  allow  as  many 
appendages  as  possible  to  serve  as  jaws,  as  is  seen  in  LimwlmM. 
Or,  possibly,  the  beast  could  attach  itself,  like  a  living  J)aplt*ia,  by 
-a  cement  gland  on  the  dorsal  eide  oF  the  head,  in  whiob  cam  it 
might  be  an  advantage  to  have  the  month  as  near  the  freer  end  M 
possible  and  olose  to  the  swimming-legs,  wluoh  were,  by  tbair 
movements,  producing  the  foot-currents. 

"  (2)  The  other  view  is  that  these  animals  were  eoto-|Kua8itio 
Phyllopoda,  although  they  bad  not  lost  their  power  of  ^e»- 
movement,  yet  had  become  Bpeoialized  in  the  form  of  their  body, 
which  is  fattened  veiitrally  and  only  slightly  convex  above,  tu 
n'iioJ&  aoimal    being  6X{Ht&&a&,  WttxiyixWVl.'],  nalilu   nwat  otbar 


Caniributians  to  Fbml  Crwiacea.  398 

Phyllopods.  This  view  might  aooonnt  for  the  two  large  round 
strnotares  seen  on  the  ventral  surfaoey  situated  one  on  either  side  of 
the  body,  and  close  to  the  anterior  margin  of  the  shell.  These 
might  possibly  represent  a  pair  of  ventral  suckers,  such  as  are  seen 
in  the  modem  fish-lioo;  these  structures,  whatever  they  may  be, 
are  evidently  enormously  developed,  and  possess  great  muscles, 
which  produce  prominent  modifications  of  the  dorsnl  shield,  where 
they  are  attached.  The  great  labrum  might  possibly  represent  the 
suctorial  tube  of  Arguluif  under  cover  of  which  are  concealed  the 
reduced  mandibles,  etc. 

"  Some  of  the  specimens  show  curious  oblique  scars  on  the  cozes 
of  the  legs,  which  may  indicate  the  points  of  attachment  of  spines 
or  setsB  to  enable  the  parasite  to  stick  to  its  fishy  host"  (GeoIi. 
Mao.,  1894,  pp.  6Si-5.) 

8.  Anthbapaubmoh  glabkb,  Jones  &  Woodw.     (PI.  XV,  Fig.  5.) 

This  small  cephalothoraoio  shield  of  a  Maorouran  Decapod  Crus- 
tacean was  obligingly  sent  to  us  by  our  friend  and  correspondent, 
Mr.  John  Smith,  of  Monkredding,  Kilwinning,  who  obtained  it  in 
the  Goal-measure  series  of  Eilmaurs,  Ayrshire.  The  other  specimens 
which  accompanied  this  will  be  dealt  with  elsewhere.  The  specimen, 
which  is  7  mm.  long  and  5  mm.  in  breadth,  displays  a  gently  rounded, 
almost  smooth  carapace,  preserved  on  a  fragment  of  fawn-coloured 
shale  enclosing  plant-remains.  The  carapace  has  no  doi-sal  ridge,  but 
there  is  a  well-marked  cervical  furrow  forming  an  open  V-shaped 
depression  across  the  carapace  in  the  centre ;  a  small  but  prominent 
rostrum  is  seen  in  front,  and  the  cervical  furrow  gives  rise  to 
a  gastric  furrow  and  spine  on  either  side,  only  one  of  which,  how- 
ever, that  on  the  right  side,  is  preserved.  The  sides  of  the  carapace 
are  slightly  expanded  and  smoothly  arched,  and  there  is  a  faint  trace 
of  a  serrated  border  on  the  hepatic  region,  terminating  in  a  short 
anteriorly  directed  spine.  The  posterior  border  is  deeply  and 
roundly  emarginated,  and  has  a  thickened,  raised,  and  smooth  rim. 
The  surface  of  the  test  is  smooth,  and  quite  free  from  ornamentation. 
The  specimen  closely  resembles  Anthrapaliemon  JStheridgei,  figured 
and  described  by  Mr.  B.  N.  Peach,  F.B.S.,  from  Eskdale  (see  Trans. 
Boy.  Soc.  Edinb.,  1883,  vol.  zzx,  figs.  4  and  5),  but  may  be 
spedfically  separated  from  it  by  its  absence  of  ornamentation;  it 
may  bear  the  trivial  name  of  A,  glaber, 

iocaUtjf. — Coal-measures  :  Eilmaurs,  Ayrshire. 

4.  EcHiNOOABis  WHtDBOBNEi,  Joucs  &  Woodw.    (PI.  XV,  Fig.  6.) 
The  following  note  on  JSchinoearis  has  been  most  obligingly  sent 
to  us^  together  with  the  three  specimens,  by  Mr.  A.  E.  Coomara- 
Swamy,  the  discoverer  of  the  beautiful  specimen  drawn  on  PI.  XV, 
Fi^.  6  :— 

*'This  phyllopod  was  first  described  and  figured  in  the  Geol.  Mao., 
Dea  III,  Vol.  VI  (1889),  p.  385,  PL  XI,  Fig.  1,  by  Professor  Rupert 
Jones  and  Dr.  H.  Woodward,  from  a  specimen  found  by  Mr.  Dufton 
in  a  quarry  at  Sloly,  near  Barnstaple,  in  beds  of  the  Ba^y  or 
Marwood  series,  associated  with  Xtn^ula  squami/ormxt  ^xA  i^^Ocw^x 
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fossils.  There  is  also  a  fragmentary  specimen  in  the  Porter 
collection,  from  Pilton,  near  Barnstaple.  Mr.  Dtifton's  specimen 
was  redescribed  and  refigured  by  the  Bev.  G.  F.  Wliidbome  in 
the  '  Monogr.  Devonian  Fauna  of  the  S.  of  England '  (Pal.  See, 
vol.  iii,  pt  1,  1896,  p.  6,  pi.  i,  fig.  3).  In  1896  I  was  in  the  Sloly 
quarry  with  the  Geologists*  Association,  and  found  a  small  slab 
bearing  one  good  specimen  [PI.  XV,  Fig.  6]  and  a  cast  of  another. 
Later,  the  same  day,  the  corresponding  half  was  found  by  Mrs.  A.  M. 
Davies.  These  specimens  are  referred  to  in  the  Proa  Geol.  Assoo., 
vol.  xiv,  pt.  10,  p.  440,  and  in  the  Brit  Assoa  Report  of  the 
Committee  on  Paleozoic  Phyllopoda,  1897.  In  my  specimen  the 
valves  are  slightly  elongated  and  narrowed  by  shearing,  but  are 
nevertheless  equal  in  breadth  to  those  of  the  first  specimen.  Five 
body -segments  are  visible.  They  bear  the  tubercles  characteristic 
of  Echinocaris  on  their  posterior  margins.  The  other  specimen, 
occun'ing  as  an  impression  on  the  same  slab,  is  smaller ;  three 
body-segments  are  seen  in  Mrs.  Davies'  half.  Two  other  specimens 
have  since  been  found  by  Miss  Partridge,  of  Barnstaple,  in  the 
same  locality." 

By  the  kindness  of  Mr.  A.  E.  Ooomara-Swamy  we  have  been 
allowed  to  study  his  own  specimen,  and  also  the  two  obtained  by 
Miss  E.  M.  Partridge,  of  Barnstaple.  One  of  Miss  Partridge*8 
specimens  (732)  shows  evidence  of  the  body-segments  behind  the 
carapace  ;  both  valves  are  present,  but  rather  squeezed  out  of  shape. 
The  other  specimen  (759),  although  the  valves  are  less  perfect 
behind,  shows  tlie  anterior  border  with  the  granulated  surface  of  tbe 
valves  very  beautifully,  and  what  appear  to  bo  two  ocular  spots  (or 
tubercles)  near  the  anterior  border.  We  are  much  indebted  to  Miss 
Partridge  and  also  to  Mr.  A.  K.  Coomara-Swaniy  for  the  opportunity 
to  see  and  examine  these  rare  Devonian  Phyllopods. 

5.    ESTUKRIINA    EXTUBKBATA,  Sp.  UOV.       (PI.  XV,  Fig.  7.) 

This  seems  to  be  the  very  tumid  uinbonal  portion  of  a  right-hand 
valve  of  an  J^siheriinay  separate  from  the  rest  of  the  valve.  The 
flat  marginal  portion  of  the  valve  may  have  been  broken  away,  or 
perhaps  lies  hidden  in  the  matrix. 

Size. — Length  3  mm.,  height  2^  mm. 

The  valve  is  semicircular  on  tlie  ventral  and  nearly  straight  on 
the  dorsal  border ;  but  the  swollen  umbo  bulges  out  to  some  extent 
at  the  anterior  third  of  that  hinge-line.  It  slopes  gently  down  to 
a  rather  blunt  angle  in  front,  and  with  a  short  hollow  slope  to 
a  sharp  angle  behind. 

The  umbo  is  large,  convex,  very  smooth,  and  shiny,  li  mm. 
broad,  1  mm.  distant  from  the  anterior  and  scarcely  ^  mm.  from 
the  posterior  angle.  It  extends  downwards  for  1  mm.  nearly  to 
the  middle  of  the  valve,  and  is  succeeded  by  seven  concentric,  broail. 
undulatory  ridges,  eiich  having  a  raised  line,  mostly  \  mm.  apart, 
with  smooth  interspaces. 

The  strong  local  convexity  of  the  valve,  succeeded  by  a  liiiiiteil 
series  o^  coarse  conceutrlo  ivlilets^  reminds  us  of  the  similar  feature 


Geol.  Mac,  1899. 
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S])i><iiiicLi  discovered  by  Mr.  C.  .A.  Kvrcn  at  Invcrcar^'ill,  South  Island. 

Ncu-  Zfaland. 

lIi'IchL  n~  iiiruintea,  H  Fi.  6  in. 


0*  W.  Andreics — (hi  Dinornis  fnaximUsii  895 

in  E$theriina  (Geol.  Mag.,  May,  1897,  pp.  193,  etc,  PI.  VIII, 
Figs.  1-11)  ;  but  there  is  wanting  tbo  flat  outer  extension  of  the 
valve  along  its  free  margins.  It  may  be  a  separate  umbonal  l)oss, 
such  as  ooourreil  with  tbe  Brazilian  specimens,  and  one  of  tliein 
also  was  described  as  being  shiny  (loo.  cit.). 

Indeed,  the  specimen  under  notice  much  resembles  the  very 
distinct  umbonal  area  of  Entheriina  antnrtoidea  (as  represented  in 
PL  YIII,  Fig.  7,  Gkol.  Mao.,  1897),  with  its  six  or  seven  coarse 
riblets  and  their  smooth  interatitial  spaces ;  the  umbo  itself, 
however,  is  relatively  much  larger  in  the  German  specimen.  The 
Brazilian  fossil,  from  a  cutting  on  the  railway  83  kilometres  from 
liahia,  was  in  a  shale  of  Cretaceous  age.  Tbe  Stegocephalian  lime- 
stone from  which  Baron  von  Beinach  obtained  tlie  specimen  here 
described  is  of  Permian  age. 

This  little  fossil  was  communicated  to  us  for  description  by 
Professor  Fried.  Einkelin,  of  the  Senckenberg  Museum,  Frankfurt- 
on-the-Maine.  It  was  found  by  Baron  A.  von  Keinach  ^  in  the 
Stegooephalen-Ealk  near  that  city. 

EXPLANATION  OF  PLATE  XV. 

Fio.  1.  —  Ztpidurut   glaeialis    (after    Dr.   A.   S.  Puckiird).      (Mon.   Phyllopod 
Crustacea,  North  America,  1883,  pi.  xvi,  fig.  1.)     lleceat:  Xortli 
America. 
„     2.  )  BeUinuruM  arandavus,  Jones  &  AVoodw.     Lower  Carboniferous  Series : 
,,     8.  I         Biversdale,  Colchester  Co.,  Nova  Scotia,     x  G  times  nat.  size. 
„     4. — Hibbertia  orbienlarU.  Jones  &  Woodw.     CoaUmcasiirij.s :  BurdicUouHC,  near 
Edinburgh,     x  twice  nat.  size. 
5. — Anthrapalamon   fflaber,    Jones   &  Woodw.     Coal-measures:   Eilmaurs, 

Ayrshire,     x  4  times  nat.  size. 
6. — Eehinoearii  IFhidbornei^  Jones  k.  Woodw.     Marwood  Beds  (Devonian) : 
SIolj,  near  Barnstaple,  Devon,     x  twice  nat.  size. 
„     7. — Etth4ri\na    extubcratat    sp.    nov.      Permian:    Frankfurt-ou-the-Muiue. 
X  8  times  nat.  size. 
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III. ^NOTK  ON  A  NKAKLY  CDMPLUTi:  SkkLRTON  OF  DlSOliXlS  MAXIM  US. 

By  Chas.  W.  Andkews,  B.Sc,  F.G.S.,  British  Museum  (Xat.  Hist.). 

(PLATE  XVIIL) 

AN  exceedingly  well-preserved  and  nearly  complete  skeleton  of 
the  largest  species  of  Dinomia,  D.  maximu8j  has  recently  been 
mounted  and  exhibited  in  the  PalsBoiito logical  Galleries  of  the  British 
Museam  (Natural  History).  The  finding  of  this  fine  specimen  has 
been  described  by  its  fortunate  discoverer,  Mr.  C.  A.  Ewen,'  and  to 
his  paper  a  brief  account  of  the  remains  themselves  was  added  by 
Captain  Hutton.'     It  appears  that  the  bones  were  found  on  shifting 

1  Baron  von  Beinach  has  communicated  to  us  other  Plivllopods  from  the  Permian 
of  the  Wetterau  and  the  valley  of  tho  Nahe  ;  see  Itep.  Brit.  Assoc,  for  1893  (1894], 
pp.  465-6,  pi.  i,  figs.  1-5. 

■''  **  On  the  Discovery  of  Moa-remains  on  Riverton  Beach  " :  Traus.  New  Zealand 
Institute,  vol.  xxviii  (1895),  p.  051. 

»  Tom.  cit.,  p.  652. 
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sand-dunes  about  a  mile  from  the  sea  in  the  neighbourhood  of 
Invercargill  (South  Island).  The  bones  had  been  buried  under 
several  feet  of  sand  whfoh  had  been  removed  by  the  wind,  exposing 
a  portion  of  the  pelvis,  the  remainder  being  still  buried  in  wet  sand. 
The  skull  was  found  in  remarkably  perfect  condition,  and  some  200 
ossified  tracheal  rings  were  collected.  A  few  days  previously 
another  skeleton  had  been  discovered  under  similar  circumstances, 
and  it  is  probable  that  from  time  to  time  others  may  be  exposed. 

Some  two  feet  below  the  skeleton,  Mr.  Ewen  came  upon  rotten 
flax-sticks  and  a  bed  of  water-worn  shingle,  and  he  considers  that 
probably  these  marked  the  position  of  the  bed  of  an  old  watercoarae 
down  which  the  carcases  of  the  birds  drowned  by  floods  were 
washed. 

The  two  skeletons  thus  brought  to  light  differ  from  one  another 
in  some  important  particulars.  Thus,  in  the  specimen  now  figured 
it  is  stated  that  the  basi-occipital  is  deeper,  the  maxillary  prooeasei 
much  less  developed,  the  paroocipital  processes  do  not  extend  so  far 
back,  the  temporal  fossaa  are  deeper  and  broader,  the  basisphenoidsl 
region  is  longer  and  the  premaxillsa  shorter  and  considerably 
narrower  than  in  the  skull  of  the  other  specimen.  Moreover, 
with  this  latter  only  seven  tracheal  rings  were  found,  while  with 
the  present  specimen  there  were  about  two  hundred.  Professor 
Hutton  has  made  some  interesting  remarks  (loc.  eiU  Bupra)  as  to 
the  probable  nature  of  these  differences.  He  points  out  that  they 
may  be  (1)  sexual,  (2)  specific,  (3)  merely  the  result  of  individual 
variation,  and  for  several  reasons  comes  to  the  conclusion  that  they 
are  sexual,  the  skeleton  of  the  male  being  that  now  figured,  the 
other  of  the  female. 

The  most  important  reasons  for  this  conclusion  are,  firstly, 
that  in  the  case  of  the  last-mentioned  specimen  a  great  number  of 
fragments  of  egg-shell  were  found  among  the  bones,  in  such  a  position 
as  to  render  it  highly  probable  that  the  ^g^  was  inside  the  bird  at 
the  time  of  its  death ;  and  secondly,  the  tracheal  rings  in  the  same 
individual  were  incompletely  ossified.  The  skull  is  remarkably 
well  preserved.  It  shows  the  flattening  and  deflection  of  the 
broad  blunt  premaxillary  region,  the  marked  inclination  forward 
of  the  occipital  plane,  and  the  other  characters  enumerated  by 
Professor  T.  J.  Parker  as  characteristic  of  the  genus  DinomxB}  The 
tracheal  rings  are  elongate-oval  in  outline,  the  long  axis  being 
32  mm.,  the  short  14  mm.;  and  since  almost  all  are  of  exactly  the 
same  shape,  there  can  be  no  doubt  that  they  have  not  been  distorted 
by  pressure  or  otherwise.  The  width  of  the  band  of  bone  of  which 
they  are  composed  varies  from  about  5  mm.  opposite  the  ends  of  the 
long  axis  to  4  mm.  opposite  the  short. 

Some  of  the  measurements  ^  of  the  skull  are  given  below. 

^  "  On  the  Cranial  Osteolonrv,  Classification,  and  Phylogenv  of  the  Dinornithidde": 
Trans.  Zool.  Soc,  vol.  xiii  (1895),  pp.  417,  418. 

^  Measurenicnts  taken  according  to  the  rules  laid  down  by  Professor  T.  J.  Parker 
in  the  paper  above  reterred  to. 
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Length  of  skull  ... 

Lenffth  of  ^Mi«  crofitt    

Width  at  paroocipital  processes ... 
temporal  fossae 
squamosal  piominenoes 
postorbital  prooesses   ... 

Distance  between  temporal  ridges 

Greatest  length  of  premaxiUa    . . . 

Width  of  body  of  premaxilla     . . . 

Width  of  lower  end  of  quadrate 

Length  of  mandibular  ramus     ... 

Greatest  depth  of  mandibular  ramus 

Length  of  symphysis      


•  •• 


•  •  • 


mm. 

227 
47 
93 
69 

107 

133 
42 

144 
72 
40 

209 
25 
31 


In  the  skeleton  as  mounted  there  are  only  twenty  tme  oervical 
TortebrsB,  and  of  these  the  fifth  and  seventh  have  been  restored  in 
plaster.  The  atlas  is  abnormal,  there  being  no  bony  bridges  over 
the  vertebral  arteries.  There  is  a  large  median  hsamapophysis 
on  the  last  oervioal  and  on  the  foar  suooeeding  vertebrsa,  and 
a  trace  of  it  on  the  fifth.  The  neural  spine  of  the  last  oervical, 
like  those  of  the  vertebne  behind  it,  is  not  bifid.  There  are  two 
or  three  cervico-dorsals  and  three  or  four  free  dorsals;  of  the 
cervico-dorsals  the  second  has  been  restored.  The  presence  of  only 
twenty  oervicals  instead  of  twenty-one  may  be  accounted  for  by 
the  probable  loss  of  one  of  the  anterior  oervicals. 

The  sternum  of  this  specimen  was  unfortunately  broken  into 
many  fragments,  but  has  been,  as  far  as  possible,  mended  and 
restored  in  plaster.  Although  many  pieces  were  missing,  its 
general  outline  is  probably  as  nearly  as  possible  correct,  and  it  is 
interesting  to  note  that  it  differs  in  several  respects  from  the 
sternum  referred  to  this  species  by  Owen  (*' Extinct  Birds  of 
New  Zealand,"  pp.  415-16,  pL  xcviii),  being  relatively  narrower, 
and  having  less  divergent  postero-lateral  processes  and  an  unbifur- 
cated  xiphistemum;  the  last-mentioned  feature,  however,  is  not 
quite  certain,  this  region  being  very  imperfect  There  are  facets  for 
the  articulation  of  two  pairs  of  ribs.  Both  coraco-scapulsd  are 
preserved. 

The  pelvis,  which  was  in  a  very  good  state  of  preservation,  presents 
no  important  peculiarity. 

The  bones  of  the  hind  limbs  are  perfect  with  the  exception  of  the 
bind  toes,  of  which  only  one  claw  is  preserved,  and  the  inner  toe  of 
the  right  foot. 

Some  measurements  of  this  specimen  are  given  below  :— 

ft.  in. 

Total  height  as  mounted        8  6 

Height  to  top  of  pelTis ...  5  7 

Length  of  femur         1  3{ 

Length  of  tibio-tarsus           2  7| 

Lens;th  of  tarso- metatarsus 1  7 

Width  of  distal  end  of  tarso-metatarsus       ...  0  6J- 

Length  of  middle  toe 0  II 
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IV. — TiiE    Silurian    and    Okdoviciam    Eocrs    exposid   oh  tbi 

Shore   kea.r  Balbrioqan,   Cocnti   Ddblim. 

By  CiLiBLBs  luviNO   Gakdineu,   M.A.,   F.G.S.,  Cheltonham  CoUe?*- 

BALBRIGGAN  is  a  village  in  County  Dublin,  some  niweteen 
milea  uorth  of  Dublin,  and  along  tlie  coaet  in  ils  neigbbourhood 
Oriloviciaii  and  Silurian'  rocks  are  exposed  for  a  distance  of  abont 
five  miles.  These  are  denoribed  in  tbe  Irish  Survey  Memoirs,'  but  . 
fmni  a  i-eoent  investigation  of  the  localily  it  Heems  desirable  to  gi« 
B  fresh  account  of  its  geology. 

The  rocks  exposed  seven  miles  to  the  Bouth,  at  Porlrnine,  have 
l^ccn  recently  examined  and  found  to  be,  in  the  main,  of  Middle  OT 
tipper  Bala  age,'  while  some  ttnfoaailiferous  grits  were  douhtfullf 
assigned  to  the  Silurian  period,  owing  to  their  eimilarity  to  the  grit) 
occurring  at  Balbri^an  amongst  which  it  was  announced  thit 
eoveral  species  of  Monograplui  had  been  found. 

Tbe  river  Delvin  runs  into  the  sea  about  two  miles  north  of 
Balbriggan,  and  it  is  on  the  eouth  side  of  its  estnary  that,  coming 
from  the  north,  one  first  meets  with  Pnlteomo  roclcs,  after  the  long 
sirip  of  coast  occupied  by  Qnaternary  deposits  south  of  Droghedk 
The  beds  exposed  near  the  Delvin  are  green  grit,  and  slates  dipping 
S.S.W.,  and  are  the  lowest  beds  observed  along  the  coast.  Near  t 
Tiowther  Lodge  blaok  slates  a.re  seen,  and  a  good  deal  of  intraiive  i 
diabase  and  two  small  dyltes  nf  kersnntite  are  noticeable.  Sections 
from  this  latter  rock  eliow  well-formed  bleaohed  miou  with  mooh 
decomposed  felspars.  Qnartz.  caloite,  and  chlorite  hava  been  met 
with  as  secondary  minerala,  while  a  good  deal  of  apatite  oooura. 

Opposite  the  Cardy  Rocks,  olive  -  brown  slates  ocour,  mnoh 
veined  with  diabase  intrusions,  and  in  tbese  slates  laptxna  tericM 
was  found,  while  the  Survey  Memoir  gives  the  following  fossik  U 
coming  from  these  beds: — * 

Faroiiltt_flbrota,  Orthii  eallifframma. 

Calyment  brei-ieapitaia.  Orthii  poreata. 

Cybele  vemeota.  ElrophuKtiia  alltmala, 

Leplana  teriaa.  Slrophaaima  diUa%d€». 
Orthit  Actonia. 

These  fossils  mark  the  beds  aa  being  of  Bala  age. 

'The  beds  now  curve  round  so  aa  to  dip  8.E.,  and  after  a  small 
fault  a  few  bands  of  brown  slates  are  seen  and  a  garoetiferoiu  aab, 
and  then  for  nearly  two  miles  tbe  shore  is  occupied  b;  a  aerie*  of 
igneous  rocks.  These  are,  in  the  main,  andesites,  Baotions  of  the 
rocks  showing  muoh  decomposed  plagioclase  felspars  in  a  gronnd- 
masB  obiefly  madetip  of  secondary  chlorite  and  oaloite,  with 
numerous  small  felspar  microlites.  Amygdales  are  fairly  oommon, 
and  are  generally  composed  of  oaloite  and  oblorite. 

■  Ttie  term  Silurian  is  used  in  this  pap«r  to  include  rocks  from  the  LlandoTen 
Bed!  to  the  Ludlow  Beds.  ... 

*  Memoir  to  accompsnv  Sheet  92  (1871),  Geol.  Suit.  Ireland, 
'  Q.J.G.8.,  Tol.iii(l697J. 
'  UemoirtOBCCom[«it;&hMA92,^.%\,Qw\.%iiri.\Kd*ad<,l8Tl). 
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Amongst  these  lavas  several  bands  of  ashes  were  found,  one  of 
them  fairly  coarse,  but  the  bulk  of  them  fine  in  texture.  Two 
intrusions  of  a  somewhat  coarse  diabase  were  also  noted. 

The  dip  of  the  aah  beds  was,  wherever  visible,  to  the  S.S.E.,  but 
its  angle  could  not  be  determined  with  accuracy.  The  coarse  ash 
can  be  seen  in  a  hand-specimen  to  include  fragments  of  extremely 
amygdaloidal  lava,  and  the  microscope  shows  that  in  the  finer  rocks 
these  originally  pumiceous  fragments  were  also  entombed.^ 

Just  south  of  Balbriggan  the  clifis  are  made  of  Drift,  but  at  the 
next  headland  beyond  the  Village  igneous  rocks  are  again  found; 
these  are  still  andesitic,  and  are  covered  by  fine  grey-green  ashes, 
with,  on  one  horizon,  a  layei^  of  large  included  fragments  of  a  fine 
purple  ash.  ' 


, ,  triangulatus  (Harkn .) .      Petalograpixu  paUnett»  (JBarr. } . 

„  Hisingeri  (Carr). 

From  this  fossil  evidence  it  seems  probable  that  these  slates  are 
^i  the  top  of  the  M.  gregarius  zone  of  the  Middle  Birkhill. 

The  next  graptolitic  black  slates  are  about  500  feet  above  the 
lowest  one  noted  above,  and  has  yielded  obscure  species  of 
Monograptus,  but  10  feet  higher  comes  a  band  with  M.  spinigerus 
(Nich.)  and  M.  priodon?  (Bronn),  while  70  feet  above  this  band 
is  one  with  Af.  spinigerus  (Nich.),  M,  Htsingeri  (Carr),  and 
M.  Oalmensti  (Lapw.),  and  80  feet  higher  still  a  band  yielding 
M.  Einngeri?  (Carr).  lliese  fossils  seem  to  show  that  the  bands 
which  they  characterize  are  in  the  M,  spintgerus  zone  of  the  Upper 
Birkhills. 

A  slight  change  in  the  direction  of  the  dip  is  now  seen,  the  beds 
being  still  fine  grits  with  layers  of  black  slates  at  intervals,  and 
their  dip  being  35°  S.S.E.  The  next  graptolitic  layer,  85  feet 
■above  the  last  one  mentioned,  contains  a  species  which  appears 
to  be  Jlf .  Biecartonensis  (Lapw.),  and  the  same  fossil  occurs  in  two 
bands  a  little  higher  up  in  the  series. 

About  1,200  feet  of  rock  occur  above  the  highest  of  these  three 
bands,  chiefly  made  of  grey  grits,  with  here  and  there  black  slates, 
and  then  the  beds  begin  to  curve  up  in  the  opposite  direction  and 

*  See  Geikie's  **  Ancient  Volcanoes  of  Great  Britain,"  vol.  i,  p.  244. 

*  All  the  graptolites  mentioned  in  this  paper  have  been  examined  for  me  by 
Miss  Elles,  of  Newnham  College,  Cambridge,  and  my  best  thanks  are  dnA  tA  V^kl  W. 
iier  extreme  kindness  in  00  doix^. 
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dip  to  the  N.N.W.  At  the  axis  of  this  syncline  the  beds  roll 
slightly  and  small  dislooations  have  oocarred,  and  then  for  about 
half  a  mile  to  the  south-east  one  sees  a  repetition  of  the  suooession 
one  has  already  passed  over  while  ooming  from  Balbriggan. 
Unfortunately,  just  where  the  graptolitio  slates  should  be  exposed, 
the  Palseozoic  rocks  are  obsoured  from  view  by  a  thiok  capping 
of  drift,  and  when  next  Primary  rocks  are  seen  they  are  the  grey 
grits  occurring  below  the  graptolitio  slates,  and  from  this  point  the 
shore-line  follows  the  strike  of  the  beds  all  the  way  to  the  village 
of  Skerries.  Near  this  place  are  three  islands  showing  gritty  beds 
dipping  south-east  at  30°  and  higher,  while  ash  beds  are  seen  as  well, 
corresponding  no  doubt  to  the  ash  beds  between  the  igneous  seriea 
and  the  grits  to  the  south  of  Balbriggan. 

Tlius  the  geological  evidence  of  this  strip  of  coast  shows  that  after 
the  Middle  Bala  period,  when  the  Oardy  Rock  slates  were  laid  down, 
there  came  a  groat  outpouring  of  andesitic  lavas  with  occasional 
scatterings  of  ashes  on  the  igneous  rocks.  Subsequently  the  lavas 
were  covered  by  ashes,  on  which  grits  and  slates  were  deposited. 
These  last  rocks  are  shown  by  their  fossils  to  be  of  Silurian  age,  and 
the  equivalents  of  the  zones  of  Monograptus  gregarius  (Lapw.)  and 
If.  BpimgeruB  (Nioh.)  in  the  Birkhill  shales;  while  higher  still 
come  graptolitio  bands  which,  if  their  fossil  evidence  be  correctly 
determined,  must  represent  a  much  higher  horizon  and  are  the 
equivalents  of  the  Wen  lock  beds. 

Unfortunately,  the  specimens  are  very  poorly  preserved,  and  Miss 
Elles  states  that  they  "resemble  very  closely  Af.  BiccartonensisJ* 
This  species,  she  advises  me,  is  usually  found  in  a  definite  horizon 
above  the  Cyrtograptu$  Murchtsoni  zone  (which  is  at  the  base  of 
the  Wenlock  Beds),  or  else  in  the  highest  part  of  that  zone. 
Consequently,  if  this  specific  determination  be  correct,  we  have 
between  the  highest  fossiliferous  band  of  the  M.  Bpinigerus  zone 
of  the  Llandoveries  85  feet  of  rock  before  we  come  to  the  first 
fossiliferous  band  of  the  Wenlocks. 

In  County  Down  somewhat  similar  graptolitio  shales  have  been 
described  by  Swanston.^  There  the  zone  of  Af.  spinigerus  is  covered 
by  the  Portaferry  Beds,  with  3i.  Biecartonensis. 

The  thickness  of  the  beds  in  the  Balbriggan  section  is  not  easy  to 
determine,  but  the  following  approximate  numbers  have  been 
arrived  at: — 

Wenlock- LlandoTery  Beds 2,300  feet  shown. 

Igneous  series. 

Bala  sedimentaries 1,700  feet  shown. 

What  the  date  of  the  diabase  and  other  intrusions  was  there  is  no 
evidence  to  enable  one  to  find  out. 

Further  south  at  Portraine  the  igneous  series  of  andesitic  lavas 
WAS  overlain  by  calcareous  rocks  of  Middle  Bala  age,  so  that  from 
the  two  areas  we  may  conclude  that  there  was  a  great  outflow  of 
andesitic  rocks  in  this  part  of  Ireland  in  Middle  Bala  times.    There 

1  Report  of  the  Belfast  Field  Club,  ISl^l. 
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is  nothing  in  this  arM  approaohing  tbe  ooane  toflh  and  biaooiai  if 
Lambay  Island,  and  the  ooane  ^iphyiy  lo  well  aeen  on  that  idnl 
and  oooarring  alto  at  Portraine  ii  not  to  be  nen  near  Balfariggao. 

It  is  obvious  that  as  we  go  away  fh>m  Lambay  Idaad  we  sit 
getting  away  from  the  great  centre  of  eruption,  and  thoogh  tte 
explosive  oatbnrsts  did  cany  ashes  as  far  as  Balbriggan,  yel  it  ma 
not  very  fieqaendy  that  they  did  so.  It  is  also  worthy  of  remaik 
that  no  trace  of  oaloareons  rooks  are  to  be  seen  in  the  Balbrigpa 
area.  The  conditions  reqnisite  for  the  formation  of  sooh  roohi 
obtained  daring  Middle  Bala  times  both  at  Lambay  and  at  PortraiMb 
bat  near  Balbnggan  shales  and  shales  alone  are  the  tesnlt  of  sedi- 
mentary deposition  daring  that  period. 

Y.— On  son  Puoonrn  ahd  Post-Pliooibi  Shklls  vbom  Eom 

By  R.  BuLunr  Nswroir,  F.G.8. 

(PLATES  XDi  AND  XL.) 

f  IIHE  following  notes  have  been  drawn  up  from  a  small  aeriss  of 
1  shells  belonffinff  to  the  late  Tertiary  and  Post-Tertiary  famMr 
tions  of  Egypt,  whicm  form  part  of  a  oolleotion  of  fossils  aent  hooM 
for  determination  by  Oaptain  Lyons,  B.B.»  Direotor-Gtoneral  of  ths 
Oeologioal  Survey  of  Egypt 

The  principal  literature  on  this  suUeot  has  been  furnished  bj 
Leith  Adams,^  S.  P.  Woodward,*  Oscar  Fraas,'  Sir  William  Dawaoo/ 
and  Professor  Edward  Hull.^  To  the  two  former  we  are  indebtad 
for  some  of  our  earliest  knowledge  respecting  the  occurrence  of 
f  uviatile  shells  of  Post-Tertiary  age  at  high  levels  in  the  Nile 
Yalley;  and  to  the  remainder  for  valuable  information  on  the 
beaches  and  sea-beds  found  in  the  neighbourhood  of  the  Gizeh 
Pyramid  and  the  Mokattam  Hills,  formerly  regarded  by  Fraas  as 
of  Miocene  age,  but  which  more  modern  observers  have  recognized 
as  Pliocene. 

Connected  with  tbe  Quaternary  history  of  Egypt,  although  not 
of  conchological  interest,  reference  should  be  made  to  the  two 
important  reports  by  Professor  Judd  *  on  the  delta  deposits  of  the 
Nile  as  examined  by  a  series   of  borings   carried  out  under  the 

^  **  Notes  on  the  Geology  of  a  Portion  of  the  Nile  Valley  north  of  the  Second 
Cataract  in  Nubia,  taken  chiefly  with  the  view  of  inducing  further  Search  for 
Fluviatile  Shells  at  High  Levels '' :  Quart.  Joum.  Geol.  Soc,  vol.  xx  (1864), 
pp.  6-18. 

'  "Note  on  the  Fresh- water  Shells  collected  in  Nubia  by  Dr.  Leith  Adams'*: 
Quart.  Joum.  Geol.  Soc.,  vol.  xx  (1864),  p.  19. 

»  *♦  Aus  dem  Orient."  1867,  pt.  i,  pp.  161-7. 

*  "Notes  on  the  Geology  of  the  Nile  Valley  (Raised  Sea-margins  ;  MokatUn 
Terraces  from  the  Nile)  '* :  'Geol.  Mao.,  1884,  pp.  289-292. 

'  "  Memoir  on  tlie  Geology  and  Geography  of  Arabia  Petrsea,  Palestine,  etc.,'* 
1886,  pp.  70-72. 

•  First  Report,  **  On  a  Series  of  Specimens  of  the  Deposits  of  the  Nile  Del** 
obtained  by  the  recent  Boring  Operations**:  Proc.  Roy.  Soc.  London,  1886, 
vol.  xxxix,  p.  213.  Second  Report,  *'  On  Specimens  of  Deposits  of  the  Nile  I)«l^ 
obtained  by  Boring  Operations  undertaken  by  the  Royal  Society  *' :  ibid.,  1897> 
vol  lii,  p.  32. 
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auspioes  of  the  Hoyal  Society  to  ascertain  at  what  depth  the  solid 
rock  might  be  reached,  a  result  unfortanately  not  achieved,  for  after 
piercing  the  alluvial  beds  to  a  depth  of  S45  feet  from  the  surface 
and  319  feet  below  sea-level  at  Zagazig,  operations  were  suspended 
without  meeting  with  the  basal  formation.  The  first  of  these 
reports  deals  with  the  mineral  and  chemical  nature  of  the  deposits, 
whilst  the  other  includes  some  information  upon  the  Foraminifera. 

MOLLVSCA:  OASTEBOPODA. 

Genus  PLANORBIS,  Geoffrey. 

Traite  Coq.  Fluv.  Terr.  Paris,  1767,  pp.  12,  81. 
Type. — Helix  cornea,  Linnsaus. 

Planorbts  Pfeifferi,  F.  Erauss.     (PI.  XIX,  Figs.  6-8.) 
Planorhis  Pfeifferi,  Krauss :  Die  Siidafrikanischen  Mollusken,  1848, 
p.  83,  pi.  V,  fig.  7. 
ll»annTiimmM       P    Utin  rnrnen.  nilida,  diavhanOt  ohlique  striata^ 


T  Plates  XIX  and  XX,  illustrating  this  Article, 
will  appear  in  the  October  Number. 


separated  by  its  more  convolute  spiral  system,  a  smaller  umbilical 
area,  and  less  lenticular  shape. 

Horizon. — Post-Pliocene  (Lacustrine  or  Fluviatile  Deposits). 

Distribution. — Natal :  Umgani  Valley  (Erauss).  Egypt :  near 
Farshut,  Nile  Valley.  Coll.  Geol.  Surv.  Egypt  (No.  1,040,  Box 
No.  52c). 

Genus  MELANIA,  Lamarck. 

Mem.  Soc.  Hist.  Nat.  Paris,  1799,  p.  75. 

Type. — Helix  amarula,  Linnceus. 

Melania  tubeboulata,  Miiller.     (PI.  XIX,  Figs.  9-11.) 

Nerita  tuherculata,  0.  F.  Miiller :  Verm.  Terrest.  Fluv.  Testaceorum, 
vol.  ii  (1774),  No.  378,  p.  191. 

^  MaIako7.ooIogi8che  Blatter,  vol.  xtI  (1869),  p.  39  ;  Xovitates  Conchologics, 
Tol.  iv  (1870),  p.  26,  pi.  cxiv,  figs.  13-16. 

*  Maiakozoologische  Bliitter,  vol.  xvii  (1870),  p.  35;  NoTitates  Conchologic«, 
vol.  ir  (1870),  p.  23,  pi.  cxiv,  figs.  6-9. 
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Melama  iubereulaki,  Brot^  «« Die  lEdaniaoeen  (MeUniidtt)  " :  8jlt 
OonohyL-Oftbinet,  1874  P-  247,  pi.  xxri,  %  11.  Edwwl 
Hall :  If  em.  QeoL  Palestine,  eta,  1886,  p.  80. 

Dbbobiftiok. — Nerita  leafa  mMtata,  emer«a,  traneeenim  ebieU: 
mefraetihue  noAdoeU^  etrtqieqme  eamgmeU^    (Hiiller.) 

BiMABKS. — ^The  Egyptian  apeoimena  referred  to  thia  ahdl  exhibit 
the  uanal  dharaetera  of  Che  apedea.  Namerona  apinl  linea  ornameol 
the  moderately  oonirex  whorla,  theae  being  oroeaed  by  oUiqne  rows 
of  tuberolea,  which  beoome  more  or  leaa  obaolete  aa  the  laat  whorl  u 
reaohed.  Hull  reoorda  thia  apedea  aa  oocarring  in  a  aemi-fbiiil 
atate  in  aome  marl  terraoea  20  feet  high  at  Ain  Aba  Werideh,  in 
the  Jordan-Arabah  oonntry,  which  ia  about  1,400  ftat  abow  the 
level  of  the  Dead  Sea.  For  a  farther  aynonymy  of  tlie  ^eoiea 
Dr.  Brot'a  work  ahoald  be  oonanlted. 

DiMXiraioNa.— Length,  81  mm. ;  diameter,  11  mm. 

HoBizoH.— Poat-Pliooene  (Laonatrine  or  Flaviatila  Deporita). 

DiaTBiBUTXOM. — ^Tripoli,  Algeria,  Egypt,  Hadagaacar,India,ObyIoB, 
Java,  and  Australia  (Beoent  specimens).  Paleatine :  Ain  Aba 
Werideh.  Egypt :  near  Fkrahnt,  Nile  Valley*  OolL  GeoL  Sorv. 
Egypt  (No.  1,041,  Box  No.  58«). 

XOLLUrBOA:  lAKELUBBAHOHIATA. 

Genns   ALEOTBTONIA,  Fischer  (Waldheim). 

Musenm-Demidoff;  vol.  iii  (1807),  p.  269. 
Type. — Mytilus  crisiagalli^  Linnsus  (A,  vara,  Fischer). 
Alectryonia  oucullata,  Born.     (PL  XIX,  Figs.  1-6.) 

Ostrea  eucuUata,  Born  :  MuRssi  CsBsarei  YindoboDensis,  1780,  p.  114, 

pi.  vi,  figs.  11,  12. 
Osirea   Forskali   and    Ostrea   coitiucopia,    Chemnitz  :    Conchylien- 

Cabinet,  vol.  viii  (1785),  p.  30,  pi.  Ixxii,  figs.  671a-€; 

p.  41,  pi.  Ixxiv,  figs.  679a-6. 
Ostrea  Forskali^  Brocchi :  Conch.  Fossile  Subapennina,  vol.  ii  (1814), 

p.  666. 
Ostrea  undatay  Lamarck :  Hist  Nat.  Anim.  sans  Vert.,  vol.  vi  (1819), 

pt.  1,  p.  217.     Basterot:  M6m.  Soc.  Hist.  Paris,  voL  ii 

(1826),  pt.  1,  p.  1.     Serres:   Geognosie  Terr.  Tertiaires 

France,  1829,  p.  136,  pi.  vi,  figs.  4,  5. 
Aleeiryonia  cueuUata,  Cbenu  :  Manuel  Conchy] iologie,  1862,  p.  197. 
Ostrea     cucullatay    and    vara,    comitatensis,    ocdtania,    RuscinensiSt 

Fontannes,    "Moll.   Pliocene   Bhone    et    Bonssillon": 

Invert.   Bassin    Tert   Sud-est  France,   vol.   ii   (1879), 

p.  228,  pi.  xvii,  figs.  7-9 ;  pi.  xviii,  figs.  5-7. 
Ostrea  pseudo'Cucullata,  Fuchs  :   Palceontographica,  vol.  xxx  (1888), 

p.  36  (64),  pi.  xix  (xiv),  figs.  10-13. 
Jlectryonta  (Ostrea)  cucullata,  Vigaier,    **  Etude    Pliocene    Mont- 

pellier " :    Bull.   Soc.  geol.   France,  ser.  iii,   voL  xvii 

(1889),  p.  4ia,  p\.  -x,  €i^,  2-6, 
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Ostrea  eueullata,  Fioheur:  Desa  GeoL  Kabylie  da  Djarjora,  1890, 
p.  382. 

Ostrea  eucuUata,  var.  Byzaeena,  P.  Thomas,  "Deso.  quel.  Fobs. 
Tunisie  "  :  Explor.  Soient.  Tunisie,  1893,  p.  21,  pi.  xiii, 
figs.  6-11. 

Ostreola  Forskali,  and  vara,  undulatior,  perrostraia,  subeuctdlata, 
peraaceUus,  F.  Saoco :  Moll.  Tert  Piemonte,  pt  xxili 
(1897),  p.  16,  pi.  V,  figs.  1-3  aod  6-12. 

Description.  —  Shell  oblong  in  shape,  with  plioated  valves. 
The  lower  or  oonvex  valve  deeply  excavated,  of  variable  width, 
with  sometimes  nearly  parallel  sides,  and  furnished  with  an 
elongate,  straight,  or  curved  ligamental  rostrum,  with  its  summit 
usually  directed  backwards,  and  bearing  a  moderately  deep 
triangular  fossula;  interior  of  more  or  less  rectangular  form,  and 
oraainented  externally  with  a  few  slightly-elevated  radial  costsd 
crossed  by  a  regular  series  of  growth- lines.  The  upper  valve  is 
depressed,  somewhat  lamellose,  oblong,  frequently  narrow  at  the 
ligtimental  area,  exhibiting  on  the  outer  surface  some  obscure 
longitudinal  plications;  the  muscular-scar  impressions  are  super- 
ficial and  scarcely  perceptible. 

Eemauks. — ^The  Egyptian  specimens  referred  to  this  species  are 
exactly  comparable,  not  only  with  the  living  representative  as  it 
occurs  ofif  the  shores  of  the  Red  Sea,  but  also  with  some  Italian 
Pliocene  forms  that  have  been  examined  in  the  British  Museum 
(Natural  History) — No.  80,943 — and  which  are  labelled  as  0.  undata, 
the  equivalents  of  Born's  0.  cucullata.  Much  more  elongate  liga- 
mental rostra  appear  to  distinguish  specimens  from  the  Pliocenes  of 
Tunis,  Montpeliier,  and  the  lihone  Basin,  the  Tunis  specimens  being 
also  more  numerously  plicated  than  others.  It  is  undoubtedly  a  most 
variable  mollusc,  and  authors  are  pretty  generally  agreed  that  it 
should  embrace  0.  ForsJcalt  and  0.  cornucopia  of  Chemnitz,  as  well 
as  Lamarck's  O.  undata  as  figured  by  Serres.  Certain  distinctions 
have  been  pointed  out  in  this  species  which  are  said  to  be  more  or 
1;;S8  constant  at  the  various  localities  where  it  has  been  found,  thus 
giving  rise  to  the  introduction  of  a  number  of  varietal  names  by  such 
writers  as  Thomas,  Fontannes,  Yiguier,  and  Sacco  ;  but  although 
these  details  are  carefully  worked  out,  they  do  not  appear  to  be 
adapted  for  general  application.  Under  0.  Forahalif  Chemnitz 
alludes  as  far  back  as  1785  to  the  discovery  of  this  mollusc  in 
a  fossil  state  in  Egypt  by  Professor  Forskal.  From  late  Tertiary 
deposits  near  Cairo,  Fuchs  has  described  and  figured  an  oyster  called 
0.  pseudo-eucullata,  which  cannot  possibly  be  separated  from  Bom*s 
species ;  it  corresponds  exactly  with  an  example  of  similar 
dimensions  from  the  Pliocene  (Astian)  of  Italy.  In  confirmation  of 
this  opinion,  it  is  satisfactory  to  know  that  Dr.  Schweinfurth  came  to 
the  same  conclusion  some  years  since,  and  the  fact  was  published  by 
Sir  William  Dawson  in  his  paper  on  ''The  Geology  of  the  Nile 
Valley  "  (Gbol.  Mag.,  1884,  p.  298).  The  specimens  are  of  variable 
dimensions  and  somewhat  fragmentary ;  they  ooc^xxt  m  ^  %q>1\.^  ^^^t^ 
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sandy  mrktris,  accompanied  by  crjslala  of  selenite,  ami  henenlh  «>n» 
beds  containing  vertebrnte  reinaini  (fli/jpo^otiitinui,  etc.).  Oniic«o<iDt 
of  tbeir  striking  resemblance  to  Ilalinu  t'orma  they  arc  I'egarded  at  bI 
Pliocene  age. 

Horizon. — Pliooeiie  (probably  Anlian)  :  in  iLe  Lake  Depotita  of 
Wadi  Natrun  at  the  hill  known  as  'Moluk.' 

DiSTRiBUTniN. — Red  Sea,  eto,  (Recent) ;  Tunis,  Montpellier,  RboM 
Basiu,  Italy  (Pliocene),  Algeria  :  Kabylie  (Sabeliaii  or  Tortoniau). 
Kgypt:  near  Cairo  (Fuoha);  Moluk  Hill,  Wadi  Katruu.  CoU. 
Qeol.  Sury.  Egypt  (No,  327,  Box  No.  la). 

UeniiB  DNIO.  Eelzius  (Philipisoti),  1798. 
No»a  Testficeonim  GeQoi*a,  1788,  p.  IG. 

Ttpb. — Mija  margarilifera,  Linnteiia, 

Unio  WiLLCOOKBt,  Hp.  nov.     (PI.  XX,  Figs.  1-4.) 
Vnio  '  Ulhophagua'  (?),  S.    P.    Woodward:     Quart.    Joara.    GeoL 
Soo.,  -vol.  XX  (1864),  p.  19  (list  name  only,  no  text)  j 
Hon  (Ziegler)  Philippi. 

Descbiftion. — Shell  large,  elongate,  convex,  robust,  and  omi* 
mented  with  conceiitrio  growtb-Iines,  which  are  more  or  less  rugos» 
according  (o  ago ;  posterior  region  oblique,  produoed  and  decTsaaing 
in  width,  anterior  mnrgiii  rounded  and  short ;  vi^ntral  area  usoallf 
with  median  depression  ;  umbones  auterior,  small,  eroded,  witheat 
corrugations  ;  left  valve  poasesBeB  two  divergent  cardinal  t«eth,  with  1 
two  minor  ridges  between ;  posterior  lateral  teeth  elongate. 

D1HKSBIOK8  (of  a  right  Tolve). —  Height,  48  mm.,'  length, 
S4  mm. ;  diameter,  17  mm. 

Bkmauks. — This  species  is  closely  related  to  the  recent  Afriou 
form  of  Unto  Coffer,  h-naea  ("Die  siid  Afrikanisohen  Mollnaken," 
1848,  p.  18,  pi.  i,  fig.  14),  but  differs  in  its  more  elongate  abape,  tlie 
greater  length  of  the  postero- lateral  teeth,  the  absence  of  umbonal 
wrinkles,  and  in  the  more  rugose  character  of  its  oonoentrio 
sculpture.  One  of  the  preaeot  specimens  has  its  umbonal  region 
entirely  denuded  of  the  prismatic  layer,  thereby  showing  a  complete 
east  of  the  interior  of  ihe  early  shell  in  which  the  pallial  line  and 
mascuIar-Bcar  impresBions  ore  clearly  discernible.  Many  years  age 
Dr.  Leith  Adams  oolleoted  some  Unioi  from  the  alluvial  deposits  of 
Knbia  at  a  height  of  150  feet  above  high  Nile  at  the  Second  Oatanot, 
whioh  the  late  Dr.  S.  P.  Woodward  identified  as  Umo  'UAo- 
phagua '  (?),  but  gave  neither  desoriptioD  nor  figure.  An  examination 
of  these  shells  in  the  Qeolcgical  Booiety's  Museum  has  proved  the 
fact  that  they  are  precisely  the  same  as  the  species  now  deaoribed, 
but  as  they  differ  from  XJ.  lilhophagiu,  which  is  a  manuscript  speoiw 
of  Ziegler  and  equivalent  to  U.  teretiiuctilut  of  Philippi,  it  is  neoessa^ 
to  establish  another  name,  and  tlierefore  that  of  U.  WSieodm  is 
proposed,  in  recognition  of  the  collector  of  the  specimens,  whicji  now 
form  part  of  the  Museum  of  the  Geological  Survey  of  EgypL  It 
mnjf  be  of  interest  to  state  that  U.  teretiutcuiiu  (=  U.  Ulko^jpu) 
from  ttie  White  Nile  u  ot  mwjb  ii»»«  i&»ad«t  form,  of  a  itearlj 
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uniform  height  throughout,  aud  with  no  posterior  oblique  attenua- 
tion.  In  referring  to  the  stratified  Quaternary  deposits  at  Ombos 
(=  Eom  Ombo),  Leith  Adams  remarks  that  they  measured  80  or 
90  feet  in  height,  but  so  far  as  he  could  ascertain  yielded  no  organic 
remains.  Mr.  Willoooks'  discovery  of  this  new  UniOy  from  probably 
the  same  spot  at  about  8  metres  above  the  present  high  Nile,  adds 
a  further  interest  to  this  locality.  The  specimens  were  found 
associated  with  vertebrate  remains  (reptiles,  fishes,  etc.). 

HoBizoN. — Post-Pliocene  (Fiuviatile  Deposits). 

Distribution. — Nubia  :  Second  Cataract.  Egypt :  Eom  Ombo 
(=  Ombos  of  Leith  Adams),  lat.  24""  2'  SO''  N.,  at  about  8  metres 
(=:  rather  more  than  26  feet)  above  present  high  Nile.  Coll.  Geol. 
Surv.  Egypt  (No.  647,  Box  No.  235). 

EXPLANATION  OF  PLATE  XIX. 

Albctrtonia  cucullata,  Bom,  ip.    Pliocene  (Afltian  P),  Moluk  Hill. 

Fio.  I. — Front  rlew  of  two  lower  TalTes»  united  laterally. 
Fio.  2. — Back  riew  of  a  lower  yalre  exhibiting  the  plications. 
Fio.  3. — Fragment  of  the  Usamental  region  of  another  lower  valve,  rather  longer 
than  nana],  and  evidenuy  belonging  to  an  older  form  than  the  other  specimens. 
Fid.  4. — Upper  ralTe,  interior. 
Fio.  5. — Upper  yalye,  exterior,  showing  obsolete  plications. 

Planohbis  Ppeifpbbz,  Kranss.    Poet- Pliocene,  near  Farshut  ( x  twice  nat.  size). 

Fzo.  6. — Profile  of  shell,  showing  the  aperture. 

Fio.  7. — Upper  surface  of  shell,  showing  the  depressed  whorls. 

Fio.  8. — Under  surface  of  shell,  showing  the  umbilicus  and  aperture. 

Mblaitia  tubb&culata,  Miiller,  sp.    Post-Pliocene,  near  Farshut. 

Fio.  9. — Front  view  of  largest  specimen,  showing  aperture. 
Fio.  10. — Back  view  of  the  same  specimen. 
Fig.  11. — Magnified  view  of  sculpture. 

EXPLANATION  OF  PLATE  XX. 
TJmo  WiLLcocxsi,  sp.  nov.    Post-Pliocene,  Kom  Ombo. 

Fig*  2  \  ^^terior  and  exterior  of  right  yalve. 

Fig.  3. — Interior  of  a  left  valve. 

Fig.  4. — Exterior  of  a  left  valve,  showing  impression  of  the  early  shell. 

[Except  where  otherwise  stated,  the  figures  on  both  plates  are  drawn  natural  size.] 


Thk  Islands  and  Coral  Eeefs  of  Fiji.  By  Albxandeb 
Agassiz.  (Bulletin  of  the  Museum  of  Comparative  Zoology, 
Harvard  College,  vol.  xzziii.)  8vo ;  pp.  168,  with  120  plates. 
(Cambridge,  Mass.,  U.S.A. ;  May,  1899.) 

PROFESSOR  ALEXANDER  AGASSIZ  deserves  the  thanks  of 
all  naturalists  for  this  splendid  contribution  towards  the  recently 
muoh  disputed  subject,  the  origin  and  mode  of  formation  of  coral 
reefs.  This  is  an  age  of  critical  examination,  and  no  man,  however 
beloved  and  esteemed  amongst  his  fellow  scientific  men,  can  pro- 
pound a  theory  which  shall  long  remain  unchallenged,  lliat 
Darwin's  theory  remained  accepted  and  undisputed  Cot  Mt^  ^^^^^ 


Bpenks  welt  roc  the  careful  and  tlioughtfiil  observAtious  on  wbicb 
it  was  based,  and,  like  all  the  work  of  this  illuBtrious  naturalist,  it 
commended  ilself  to  everyone  by  ita  cleaniesa  aad  simplicity. 

Before  proceediog  to  give  an  acooaot  of  his  expedition  to  Fiji 
Alexander  Agassis  devotes  a  few  pages  to  an  examination  of  some 
of  the  literature  of  coral  reefs. 

The  LiTEBATtTRE  07  CoEAi,  Bbefs. 

"In  many  quarlers"  (writes  Agassiz)  "it  has  become  a  question  at 
creed  to  uphold  the  Darwiaian  theory  of  subsidence  aa  essential  to 
the  formation  of  atolls  and  of  barrier  reefs.  Facie  and  argameati 
supporting  otber  explanations  are  ignored  or  explained  away  iu  the 
tnoGt  extraordinary  manner.  Begioiis  which  are  cited  by  Darwia 
and  Dana  as  typical  become  exceptions  when  shown  to  be  no  longer 
characteristic  ivgions  of  subsidence.  Q'ypical  barrier  reefs  becotns 
patch  reefs,  atolls  are  dubbed  pseudo  atolls;  so  that  the  regioni- 
where  true  barrier  reefs  or  typicul  atolls,  which  owe  their  origin  la 
subsidence,  can  be  examined,  are  liltle  by  little  becoming  yeij 
restricted.  In  fact,  if  we  are  to  judge  of  the  regions  not  ytt 
examined,  and  which  have  not  been  examined  by  Darwia  and 
Dana,  there  remain  as  extensive  regions  of  possible  subsideooft 
only  such  islands  as  the  Marshall  and  Carolines,  eome  of 
the  atolls  of  the  Gilbert  and  Ellice  groups,  and  of  the  PaumotUL 
Yet,  judging  by  analogy,  of  the  adjoining  districts  of  Fiji  and 
Tongii,  and  of  the  desciiptiona  given  by  Dana  of  the  Pauraotus, 
and  by  what  we  may  gather  I'rom  the  charts  in  the  iigbt  cif  our 
own  exploration,  it  would  not  be  launching  a  Tery  doabthl 
proposition  to  assert  that  even  in  these  island  gronps  we  shall 
find  that  the  explanation  we  have  given  of  the  formatioD  of 
atolls  and  of  barrier  reefs  applies  equally  well  to  them.  This  still 
leaves  the  field  open  for  ohservationa  in  some  of  the  ooral  regions  of 
the  Indian  Ocean,  and  of  the  £aat  Indian  Archipelago.  But  in  flu 
distriots  which  have  been  described  as  typical  by  both  Darwin  and 
Dana,  recent  observations  have  shown  that  other  and  more  natural 
explanations  than  the  theory  of  subsidenoa  are  sufGoient  to  aooonnt 
for  the  formation  of  atolls  and  of  barrier  reefs. 

"  As  is  well  known,  Darwin's  experienoe  among  coral  reefs  was 
limited  to  a  part  of  Tahiti,  to  the  west  side  of  Mauritius,  and  to  the 
Keeling  AtolL  Though  he  passed  through  the  Paamotus  without 
examining  any  of  the  islands ;  aooording  to  the  narratiTe  of  th* 
'Beagle,'  Darwin  saw  in  the  distance  Honden  Island,  passed  by 
Taiaro  along  the  shore  of  Eauehi  and  sailed  between  Elissbeta 
Island  and  Fakarava  (Wittgenstein)  to  Otaheite.  Captain  Fitero/ 
also  sailed  through  the  Navigator,  Friendly,  and  Fiji  Islands  withoat 
anchoring  anywhere.  Dana  worked  among  the  reefs  at  Tkhiti, 
Samoa,  and  the  Feejees,  though  he  did  not  visit  the  EasteiB 
Archipelago,  limiting  bis  observations  to  the  lai^r  islands,  Vitt 
and  Vanna  Levu  and  Ovalau.  He  '  twioe  visited  the  Hawaian 
Islands,  landed  and  gathered  facts  from  fifteen  ooral  islaoda,  some 
of  them  in  the  Pftumota  Midu^U^ ;   one,  Tongfttabu,  ia  Um 
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Friendly  group;  two,  Taputeaoa  and  Apia,  in  the  Gilbert  group, 
and  five  others  near  the  equator,  east  of  the  Gilbert  group ;  Swain's 
Fakaofu,  Oatafu,  Hull  and  Enderbury  Island,  as  well  as  the  reef 
region  of  the  Sooloo  Sea  and  of  the  Straits  of  Malacoa.' 

« In  my  aocouut  of  the  coral  reefs  of  the  Sandwich  Islands,  I  have 
given  a  short  resume  of  the  results  of  the  principal  investigations  on 
coral  reefs  since  the  days  of  Darwin  and  Dana  down  to  1889.  What 
has  been  done  sinoe  that  time  will  be  found  referred  to  in  Bonney's 
edition  of  Darwin's  Coral  Beefs,^  in  Kent's  *  Great  Barrier  Reef,'  in 
Langenbeck's  sketches  of  recent  work  on  the  subject,  as  well  as  in 
the  reports  of  the  explorations  I  have  carried  on  in  the  Bahamas  and 
Cuba,  the  West  Indies,  Florida,  and  the  Bermudas  in  the  Atlantic, 
and  of  the  expeditions  I  have  made  to  the  Galapagos,  the  Great 
Barrier  Reef  of  Australia,  and  llTji. 

"  An  excellent  account  of  the  Samoan  Reefs  has  been  published 
by  Dr.  Kramer,  supplementing  the  earlier  short  notice  of  Dr.  Grae£f 
on  the  reefs  of  the  group ;  also  interesting  notes  by  Admiral  Wharton, 
on  Submarine  Banks  of  the  Pacifia  A  careful  account  of  the  geology 
of  the  Friendly  Islands  by  Lister,  published  in  1891,  seems  to  have 
escaped  the  attention  of  writers  on  coral  reefs.  A  few  notes  on  the 
reefs  of  some  of  the  islands  of  the  Bismarck  Archipelago  have  been 
published  by  Dr.  Dahl,  but  the  evidence  he  gives  does  not  seem  to 
me  to  warrant  his  conclusions.  The  great  thickness  of  elevated 
reef  he  found  (570  m.)  may  (as  is  the  case  elsewhere  in  the  Pacific) 
not  belong  to  the  present  epoch,  as  he  takes  it  for  granted,  and  no 
one  supposes  that  elevation  has  necessarily  always  taken  place 
uniformly  either  in  time  or  space  over  any  great  stretch  of  territory. 

"The  articles  by  Heilpriu  and  by  Ortman  on  what  they  call 
'  Patch  Reefs,*  do  not  seem  to  me  to  have  any  special  bearing  on  the 
general  theory  of  coral  reefs.  The  existence  of  such  *  patches '  has 
long  been  kuown  and  referred  to  by  Darwin,  and  by  many  writers 
on  coral  reefs,  as  reef  patches.  These  patches  occur  in  localities 
where  fringing  reefs  for  local  causes  would  not  flourish  except  at 
a  little  distance  from  shore  and  play  a  very  subordinate  part  in  the 

>  Professor  Bonney  (**  Coral  Reefs,"  Darwin,  1889,  3rd  ed..  Appendix  ii,  p.  290), 
has  evidently  confounded  the  views  of  Professor  L.  Agassiz  on  the  extent  of  the 
formation  of  the  southern  extremity  of  Florida  by  coral  reefs,  dating  back  to  1864, 
with  those  which  I  have  published  in  1877,  in  1880,  in  1888,  and  a^n  in  1896. 
Neither  Dall  or  Heilprin  has  examined  the  Florida  reefs ;  their  studies  have  been 
devoted  to  other  parts  of  the  peninsula,  and  did  not  extend  south  of  the  northern 
limit  of  the  Everglades.  Their  criticisms  in  both  cases  apply  to  the  views  of 
Professor  L.  Agassiz,  as  my  observations  were  limited  to  the  reef  region,  an<l  did  not 
encroach  on  the  area  examined  by  Dall  or  Heilprin.  But  I  have  plainly  shown  by 
the  borings  at  Key  West  tliat  the  recent  coral  formation  is  of  moderate  thickness, 
not  more  than  about  fifty  feet,  and  that  it  is  underlaid  by  a  substratum  of  Tertiary 
limestones,  occasionally  coralliferous,  of  a  thickness  of  nearly  two  thousand  feet. 
The  area  probably  covered  by  the  coral  reef  of  Florida  at  the  time  of  its  greatest 
expansion  is  approximately  shown  on  plate  xvii,  Bull.  Mus.  Comp.  Zool.,  vol.  xxviii 
(1896),  Nu.  2.  I  never  made  the  statement  quoted  by  Bonney  that  the  recent  coral 
reefs  extended  over  any  part  of  Florida  north  of  the  Everglades.  On  the  contrary, 
I  said  in  the  conclusion  of  ray  memoir  on  the  Tortugas  and  Florida  Beefs  (Mem.  Am. 
Acad.,  voL  xi,  1883,  p.  116),  *'  All  this  evidence  tends  to  show  that  the  coral  reefs 
had  little,  if  anything,  to  do  with  the  building  up  of  the  penina\2l'ai  oi  lS\s>fw^.'&s;^x^ 
of  Cape  Florida." 
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phytiognomy  of  the  oomL  I  am  at  a  loM  to  undentaad  tlio  alal^ 
moDta  of  Ortman  vsgarding  the  saefs  of  Eanaoha  Bay  on  the  north 
shore  of  Oahn.  The  aooacate  obaenrations  of  Hartt  and  of  Bathhoa 
on  the  moderate  thiokneaa  of  eoial  raefii  off  the  ooaafc  of  Brasil  aeem 
to  have  eaoaped  Heilprin  and  Ortman,  aa  wM  aa  other  writMa  oa 
ooral  leefa.  Bathbnn  has  deaeribod  die  leefa  alonff  the  BsaiQiaa 
ahore,  and  finds  them  aU  aa  '  having  wy  little  heig^  bat  fkoa  the 
■orfaoe  looking  like  maaaive  atmoturak'  Hartt  and  Bathbnn  hate 
deaoribed  the  formation  of  extenaive  oovml  patohea  and  the  mode  of 
building  np  oolumnar  maaaea  whibh  may  eventnally  raaah  Aa 
aorfaoe  forming  muahroom*  or  vma  bell-ahmped  atniotnna^  of  whkh 
enlarging  rima  may  meet» '  reaoltii^  in  the  formation  of  •  oonnacM 
reef  snrfaoe  aupported  by  many  upright  pillars  nndemsath 
from  forty  to  fifty  feet  high*'  the  so^salled  'ohapeirSBa*  of  thi 
Portuguese.  These  patohea  fieqnently  ooonr  near  toe  ahora  aleag 
the  margin  of  a  fringing  reef,  bat  are  beat  developed  in  the  despsr 
water  of  the  Abrolhoa  regiona  and  between  theae  and  the  oily  of 
Bahia,  growing  upon  the  snbmerged  rooky  ledge.  The  nnmbor  of 
reef  building  oorals  in  Biasil  is  quite  smfdU  and  NaUinorsa  sssait 
aooording  to  Bathbun,  to  play  a  very  important  part  in  tne  baildi^ 
np  of  the  limestone  reefs. 

"  Professor  Bonney  summariaea  the  poaitioh  of  the  theory  of  ooial 
ree&  as  now  left  (1889)  in  the  followmg  terms :  '  That  tbia  tbsoiy 
may  have  been  expressed  in  terms  a  little  too  oomprebanslve^  that 
there  may  be  a  larger  number  of  ezoeptional  oases  than  was  at  fint 
supposed,  is  quite  possible.  ....  It  may  very  possibly  be 
found  that,  as  remarked  by  Mr.  Bourne,  the  history  of  ooral  reefs 
is  more  varied  and  complicated  than  was  at  first  supposed,  but  it 
seems  to  me  that,  as  the  evidence  at  present  stands,  it  is  insufficient 
to  justify  a  decision  adverse  to  Mr.  Darwin's  theory  as  a  general 
explanation.' 

*'  Professor  Bonney,  in  spite  of  bis  intention  to  present  an  ab- 
solutely unbiassed  expression,  has,  in  common  with  most  geologists 
not  familiar  with  coral  reefs,  retained  the  view  of  the  correctness  of 
Darwin's  theory.  It  can  scarcely  be  said  that  the  ecurlier  examinations 
of  coral  reefs  were  made  with  the  detail  which  has  characterized  the 
later  explorations.  The  original  work  of  Darwin  was  limited  to 
a  narrow  field,  and  supplemented  by  data  derived  from  charts  and 
descriptions.  Its  correctness  depends  wholly  upon  the  existence  of 
masses  of  ooral  reefs  of  great  thickness,  where  ooral  reefa  exiat  as 
barrier  reefs  or  atolls,  and  having  assumed  this  the  rest  naturally 
followed.  For  no  one  will  deny  that  subsidence  is  one  of  the 
possible  modes  of  formation  of  masses  of  limestone  of  great  thickness. 
But  subsequent  observers  showed  most  distinctly  that  both  atolls 
and  barrier  reefs  occurred  in  regions  of  elevation.  These  exceptions 
are  not  limited  to  a  single  area.  They  occur  in  regions  of  the  globe 
widely  separated.  While  it  undoubtedly  is  true,  as  remarked  by 
Professor  Bonney,  that  Darwin  has  noticed  most  of  the  oauaes  on 
which  stress  is  laid  by  his  critics,  it  should  also  be  remembered  that 
Darwin  did  not  observe  l\kd  i^Wkomena  subsequently  examined. 
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bnt  merely  suggested  them  as  possibilities,  and  his  oritios  may  l>e 
excused  for  giving  their  observations  a  relatively  greater  value  than 
to  his  theoretioal  views. 

**  The  whole  argument  of  the  great  thiokness  of  coral  reefs  based 
npon  the  analogy  of  the  so-called  raised  reefs  of  Cuba,  described  by 
Professor  Crosby  and  myself,  or  of  the  fossil  reefs,  is  of  little  value, 
as  it  has  been  pretty  oonolusively  shown  that  these  elevated  reefs, 
not  only  in  Cuba  but  in  the  Pacific,  are  beds  of  Tertiary  limestone 
intercalated  with  beds  of  moderate  thickness  in  which  corals  are 
found,  and  the  same  is  true  of  older  fossil  reefs.  Furthermore,  these 
huge  masses  of  Tertiary  limestone  which  form  the  substratum  upon 
which  both  in  Cuba  and  in  the  Pacific  recent  corals  have  found 
a  footing,  have  played  no  part  in  the  shaping  of  the  barrier  or 
encircling  reefs,  or  atolls,  which,  as  we  have  attempted  to  show,  owe 
their  origin  in  the  main  to  mechanical  causes. 

"Professor  Bonney  states  that  'Much  stress  is  laid  upon  the  fact 
that  many  coral  islands  afford  evidences  of  a  certain  amount  of 
upheaval ;  this  amount,  in  most  cases,  is  but  slight,  and  its  signifi- 
cance appears  to  me  to  have  been  exaggerated ' ;  and  he  considers 
these  indications  to  prove  only  oscillation.  As  far  as  the  Fijis  are 
ooncemed,  the  elevation  extended  over  the  whole  group,  and  has 
been  shown  to  amount  to  more  than  a  thousand  feet.  In  Australia 
it  extended  along  the  whole  east  coast  of  Queensland  for  more  than 
a  thousand  miles,  and  was  more  than  twenty-five  hundred  feet  in 
height  I  He  further  says,  '  If  the  coral  reef  be  only  a  sort  of  cap 
concealing  a  hill  of  pre-existent  rock,  we  may  reasonably  be 
surprised  that  the  "  ashlar  rock  "  of  coral  limestone  has  in  no  case 
■o  far  yielded  to  the  action  of  the  atmospheric  agencies  as  to  lay 
bare  its  inner  support'  We  can  answer  this  point  most  decidedly. 
In  Florida  the  substratum  underlying  the  recent  coral  reefs  crops 
out  at  many  places,  and  the  highest  points  of  some  of  the  Keys 
consist  of  it.  So  do  some  of  the  hummocks  in  the  southern  part 
of  the  Everglades  near  Key  Biscayne.  In  the  Bermudas  the  greater 
part  of  the  land  of  that  group  consists  of  the  ssolian  rooks  which 
underlie  the  recent  coral  reef.  In  the  Bahamas  the  same  is  the 
case,  and  along  the  northern  coast  of  Cuba  the  Tertiary  limestone 
forming  the  substratum  of  the  recent  reefs  crops  out  in  all  directions, 
while  in  Australia  rocks  underlying  the  Qreat  Barrier  Beef  can  be 
traced  as  islands,  islets,  or  negro-heads  all  along  its  line  for  more 
than  a  thousand  miles.  Finally,  in  the  description  of  the  islands  of 
Fiji  this  substratum  appears  over  and  over  again,  either  composed 
of  volcanic  rocks  or  of  great  Tertiary  limestone  banks.  No  better 
example  can  be  found  of  the  appearance  of  the  substratum  of  the 
recent  reefs  than  in  Kaneohe  Bay,  Oahu,  at  the  Sandwich  Islands, 
where  the  reef  is  studded  with  islets  and  negro-heads  consisting  of 
Tolcanic  rocks. 

"  That  corals  grow  in  lagoons  is  well  ascertained,  and  nowhere  is 
it  better  seen  than  in  Fiji,  where  nearly  all  the  islands  enclosed  by 
barrier  reefs  are  edged  with  fringing  coral  reefs.  But  why  that 
should  prevent  a  lagoon  from  being  formed  I  caniiol  «^.     k  ^b^^^gysisL 
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is  not  bonnded  by  a  reef  forming  a  dosed  wall  rUng  well  abofe  lie 
level  of  the  eea.  The  mater  part  of  the  reef  of  many  •  lagoonoC 
an  atoll  or  barrier  reef  has  from  two  to  three  fathoms  of  water  open 
it  at  high  tide*  The  reef  is  also  riddled  on  all  sides  with  nsnow 
ohanneb  or  openings  with  from  one  to  two  &thoms  or  move  at  lew 
tide,  in  addition  to  the  wider  and  deeper  paassgas  to  leewaidt 
through  whioh  aooess  is  gained  into  the  lagoon.  Bat  fiw  all  this  thi 
lagoon  exists,  while  it  may  not  have  more  than  a  few  fathoms  in 
maximum  depth.  This,  howoTer,  does  not  prevent  the  ootal  heads 
on  the  inner  slope  of  the  reef  from  graduafiy  beoomiag  oonneeted 
with  the  reef,  and  from  enoroaohing  little  by  little,  bnt  vaiy  doi^t 
npon  the  outer  margin  of  the  lagoon  to  a  depth  of  seven  or  eight 
fathoms,  at  whioh  the  g^wth  is  oheoked  eithiNr  from  the  sedimsBt 
aooumulating  on  the  floor,  or  from  the  strmgth  of  tho  onzienls 
scouring  the  bottom  of  the  Isgoon.  The  amount  of  dead  ooial  whioh 
is  ground  up  upon  a  reef  flat  is  oonsideraUe.  Mnoh  of  it  is 
cemented  together  and  forms  a  breooia  in  the  oavities  of  the  ooial 
heads,  or  in  the  open  spaces  between  them.  Still  more  <rf  it  is 
changed  into  sand  and  mud,  whiph  cover  the  floor  of  the  lagoons  of 
barrier  reefs  and  of  atolls,  and  finally  a  quantity  is  carried  off  in 
solution  after  the  dead  coral  haa  become  thoroughly  rotten  and 
crumbling. 

<«  Darwin  also  visited  the  western  side  of  Mauritius,  whercb  he 
says :  '  It  is  probable  that  a  reef  on  a  shelving  shore,  like  that  of 
Mauritius,  would  at  first  grow  up  not  attached  to  the  actual  beach, 
but  at  some  little  distance  from  it;  and  the  corals  on  the  outer 
margin  would  be  the  most  vigorous.  A  shallow  channel  would 
thus  be  formed  within  the  reef,  and  this  channel  could  be  filled  up 
only  very  slowly  with  sediment,  for  the  breakers  cannot  cut  on  the 
shores  of  the  island,  and  they  do  not  often  tear  up  and  cast  inside 
fragments  from  the  outer  edge  of  the  reef,  while  every  streamlet 
carries  away  its  mud  through  breaches  in  the  reef.  •  •  .  . 
A  fringing  reef,  if  elevated  in  a  perfect  condition  above  the  level  of 
the  sea,  would  present  the  singular  appearance  of  a  broad  dry  moat 
bounded  by  a  low  wall  or  mound.' 

''  Darwin,  when  meeting  Semper's  objection  that  the  existence  of 
atolls  or  barrier  reefs  in  a  region  of  elevation  was  a  fatal  argument 
against  his  (Darwin*s)  views,  is  obliged  to  say  that  therein  '  seems 
to  me  no  improbability  in  their  having  originally  subsided,  then 
having  been  upraised  ....  and  again  having  subsided.'  He 
further  says,  *  The  existence  of  atolls  and  of  barrier  reefs  in  dose 
proximity  is  manifestly  not  opposed  to  my  views.'  Certainly  not, 
but  their  existence  in  an  area  of  elevation  as  claimed  by  Semper 
is.  Darwin  also  says  that, '  When  the  land  is  prolonged  beneath  the 
sea  in  an  extremely  steep  slope,  reefs  formed  there  during  subsidence 
will  remain  closely  attached  to  the  shore,  and  will  be  uudistinguish- 
able  from  fringing  reefs.'  This  seems  to  me  impossible.  The 
disintegration  of  the  inner  edge  of  the  fringing  reef,  the  action  of 
the  sea  upon  this  disintegrated  material,  the  solvent  action  of  sea 
water,  all  will  tend  to  iorm  a  cViojiXi^l  between  the  outer  parts  of  the 
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reef  and  the  shore,  as  is  evidently  the  case  in  almost  all  fringing 
reefs,  which  show  either  an  incipient  channel  where  boats  raaj 
oircnlate  at  high  water,  or  a  belt  of  considerable  width  in  which  the 
ooral  fringing  the  land  has  been  killcil  by  the  silt  brought  down 
from  the  adjacent  slopes,  and  has  been  decomposed,  and,  crumbling 
to  sand  or  mud,  is  gradually  being  carried  off  at  each  high  tide, 
forming  a  channel  which  when  wide  enough  and  deep  enough 
becomes  sufficiently  prominent  to  change  the  fringing  reef  into 
a  barrier  reef. 

"llie  difficulties  encountered  in  attempting  to  meet  the  many 
snggestions  made  by  Darwin  regarding  reefs  which  he  did  not 
examine  are  well  exemplified  in  the  account  which  he  gives  of  Rose 
Island,  one  of  the  Samoa  group. 

'<  Bonney  similarly  takes  Dana's  account  of  the  eastern  half  of 
the  Fiji  Archipelago,  as  if  it  were  based  upon  actual  observations. 
Dana  did  not  visit  that  part  of  Fiji,  but  derived  his  information 
from  the  surveys  of  these  islands  made  by  the  officers  of  the  United 
States  Exploring  Expedition.  His  statements  are  derived  from 
the  charts.*' 

Gbnbbal  Sketch  of  the  Fiji  Islands  and  Cobal  Beefs. 

The  following  is  a  general  sketch  by  Professor  Alexander  Agassiz 
of  the  Fiji  Islands  and  coral  reefs : — 

"I  went  to  the  Fijis  under  the  impression  that  I  was  to  visit  a 
characteristic  area  of  subsidence ;  for  according  to  Dana  and  Darwin 
there  is  no  coral  reef  region  in  which  it  is  a  simpler  matter  to 
follow  the  various  steps  of  the  subsidence  which  has  taken  place. 
Dana,  in  his  last  discussion  of  the  coral  reef  question,  states  that  it 
is  impossible  to  find  a  better  series  of  islands  than  the  Fijis  to 
illustrate  the  gradual  changes  (brought  about  by  subsidence)  which 
take  place  in  transforming  a  volcanic  island  with  a  fringing  reef  to 
one  with  a  barrier  reef,  or  to  one  with  an  encircling  reef  ring,  and 
finally  to  one  in  which  the  interior  island  has  disappeared  and  has 
left  only  a  more  or  less  circular  reef  ring.  For  these  reasons  one  of 
the  Fiji  atolls  promised  to  be  an  admirable  location  for  boring  and 
settling  the  question  of  the  thickness  of  the  coral  reef  of  an  atoll. 

''  My  surprise  was  great,  therefore,  to  find  within  a  mile  from 
Suva  an  elevated  reef  about  50  feet  thick,  and  120  feet  above  the 
level  of  the  sea,  the  base  being  underlaid  by  what  is  locally  called 
'  soapstone,'  a  kind  of  volcanic  mud.  The  western  extension  of 
this  reef  can  be  traced  at  points  along  the  north  side  of  the  harbor 
of  Suva,  the  islands  of  Lambeko,  Yuo,  and  Dra-ni  mbotu,  which  are 
respectively  sixty  to  seventy  feet  in  height,  being  parts  of  an 
elevated  reef  extending  to  low  water  mark,  and  now  planed  off.  It 
was  this  elevated  reef  or  its  extension  westward  which  we  traced 
from  the  Singatoka  Biver  to  the  Nandi  Waters.  A  short  distance 
inland  from  the  mouth  of  the  Singatoka  there  is  a  bluff  of  about  250 
feet  in  height,  composed  of  coralliferons  limestone.  This  bluff  is 
the  inner  extension  of  the  elevated  patches  and  limestone  bluffs 
yisible  on  the  shore  of  Viti  Leva.    I  am  mfotm^&  \>^  T^x«  ^^tcl«^ 
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that  the  isUnds  of  Yiifft  and  Aaawa  i  1«i»  to  the  norUiwud  of  A^ 
Nandi  Waters,  are  alio  remnautt  of  this  elevated  limeatoiM. 

"  Bat  the  traces  of  eztensiTe  eleTatioa  are  not  limiled  to  the 
island  of  Viti  Levu.  I  found  that  the  islands  on  the  rim  of  the  aloD 
of  Ngele  Leva  consisted  entirely  of  ooralliferoos  limestone  xoek 
elevated  to  a  height  of  over  sixtj  feet  on  the  hagst  idaiid.  Ihs 
northern  sides  of  the  smaller  islands  Tanlalia  and  Tii  na  mbekiv  ss 
urell  as  the  north  shore  of  Ngele  Levoi  were  on  the  onfter  edge  sf 
the  rim  of  the  lagoon,  deep  water  running  np  to  the  aiiore  lina 
We  next  found  that  at  Vanua  Mbalavu  the  northern  line  of  idandi 
were  parts  of  an  elevated  reef,  formine  vertical  Uuffii  of  ooiallifiNOsa 
limestone  rook  wbioh  had  been  raised  by  the  oentral  'voloaaio  mssi 
of  the  main  island  to  a  height  of  510  feet  at  NgillangiUah,  at  Avea 
to  600  feet,  at  the  Sovn  Islands  to  280  feet,  and  on  the  main  islsad 
to  a  height  of  nearly  600  feet,  while  on  the  south  of  the  main  island 
the  ooralliferous  limestone  bluffs  are  very  mnoh  lower,  and  those  of 
Malatta  and  of  Snsui  reach  a  height  of  420  to  480  feet  GoiDg 
farther  west  and  south  we  find  at  Mango  vertioal  blaflh  of  an 
elevated  ooralliferous  limestone  of  over  600  feet  nndoilaid  Iff 
Toloanio  rooks  at  the  sea  level.  At  Tuvuth&  the  limestone  Um 
are  probably  nearly  800  feet  high.  At  Nsiau  they  an  more  than 
500  feet  At  Lakemba  they  rMoh  a  height  of  about  260  fset  on 
the  south-west  side  of  the  island,  the  greater  part  of  the  rast  of  As 
island  being  of  volcanio  origin.  On  the  island  of  Aiwa  the  cdevalsd 
limestODe  is  fully  200  feet  thick.  In  the  Oneata  group  the  highest 
point  of  the  elevated  bluffs  is  about  160  feet  South  of  the  Tolcanie 
island  of  Mothe  and  enclosed  within  the  same  barrier  on  the  island 
of  Karoni,  the  reef  is  about  120  feet  thick. 

**  On  the  three  islands  of  the  Yangasa  group  the  elevated  lime- 
stone attains  a  thickness  of  240,  300,  and  390  feet,  and  on  Ongea, 
the  most  south-easterly  cluster  we  visited,  it  attains  a  thickness 
of  nearly  300  feet  At  Fulanga  the  elevated  limestone  attains  a 
thickness  of  360  feet,  at  Eambara  it  is  about  200  feet  thick,  and  at 
Wangava  it  is  perhaps  over  300  feet ;  these  islands  may  be  in  part 
volcanic.  Finally,  at  Vatu  Leile,  the  most  westerly  island  we 
examined,  the  elevated  reef  forming  the  island  is  fully  110 
feet  thick. 

^*  All  this  plainly  shows  that  the  western  and  southern  part  of 
Viti  Lovu,  as  far  south  as  Vatu  Leile,  and  the  whole  length  of  the 
windward  islands  of  the  Fiji  group,  from  Ngele  Levu  on  the  north 
to  Ongea  on  the  south,  have  been  subject  to  an  elevation  of  at  least 
800  feet ;  and  there  is  abundant  proof  that  the  greater  part  of  the 
thickness  of  the  elevated  coralliferous  limestones  has  been  eroded  so 
as  to  reduce  it  in  certain  localities  to  the  level  of  the  sea,  or  in  oUierB 
to  leave  the  bluffs  and  islands  and  islets  of  limestone  which  we  have 
traced  at  so  many  points. 

**  Unfortunately  there  are  as  yet  but  few  soundings  among  the 
islands  of  Fiji.  There  is  a  line  extending  from  Nanuku  Passage  to 
the  Eandavu  Passage,  and  a  number  of  soundings  to  the  north  of 
Wailangilala  and  towards  T\i\VLQmbia,  which  have  developed  tlis 
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existence  of  an  extensive  plateau  with  a  depth  of  between  800  and 
400  fathoms,  from  which  rise  all  the  islands  forming  the  north- 
eastern extremity  of  Fiji.  The  soundings  between  Ngau  and  Viti 
Xievu  also  indicate  shallower  water  to  the  west  of  that  island  than 
is  found  either  east  or  south  of  it.  The  deep  water  extends  north- 
westerly in  the  passage,  parallel  with  Eandavu.  Deep  water 
n  ,200-1,700  fathoms)  is  found  in  the  triangle  formed  by  Moala, 
Totoya,  and  Matuku,  showing  the  steep  slope  of  Moala,  from 
1,200  fathoms  at  a  distance  of  six  miles,  and  of  Matuku  of 
1,400  fathoms  at  a  distance  of  five  miles.  ' 

''  The  deep  channel  passing  through  the  centre  of  the  Koro  Sea 
gradually  deepens  towards  the  squth  until  it  attains  a  maximum 
depth  of  over  1,400  fathoms  east  of  Nairai  and  Ngau,  becoming 
shallower  towards  Viti  Levu.  The  water  gradually  deepens  also  in 
the  Eandavu  P^sage  from  over  1,100  fathoms  north  of  North 
Astrolabe  Reef  to  over  1,900  fathoms  south-west  of  Kandavu.  The 
soundings  to  the  north  of  Naitamba  indicate  a  ridge  with  somewhat 
over  600  fathoms  in  depth  connecting  the  plateaus  on  the  two  sides 
of  Nanuku  Passage.  There  are  no  soundings  showing  the  depths 
between  the  larger  clusters  composing  the  Lau  or  eastern  gi*()up  of 
Piji.  It  would  add  greatly  to  our  knowledge  of  the  connection  of 
these  groups  to  have  lines  of  soundings  connecting  the  different 
island  clusters  of  Lau. 

"All  the  evidence  to  be  gathered  in  Fiji  tends  to  prove  that 
preceding  the  present  epoch  there  was  an  extensive  elevation,  which 
lifted  the  great  masses  of  coralliferous  limestone  resting  upon  the 
flanks  of  the  islands  to  a  considerable  height,  in  some  cases  as  high 
as  1,000  feet.  The  base  of  the  limestone  masses  rests  upon  volcanic 
rocks,  as  can  be  seen  at  Suva,  at  Kambara,  at  Mango,  at  Lakemba, 
at  Naitamba,  and  at  Yanua  Mbalavu  it  shows  the  thickness  of  the 
elevated  reefs  to  have  been  over  800  feet  During  this  period 
of  uplift  the  physiognomy  of  the  islands  of  the  group  must  have 
been  greatly  changed,  and  still  further  modified  by  the  denudation 
and  erosion  which  have  taken  place  since  the  elevation  of  the  ancient 
limestones.  It  is  to  the  changes  brought  about  by  the  elevation  and 
the  subsequent  erosion  and  denudation  that  we  must  look  for  the 
causes  which  have  fashioned  the  steep  slopes  of  the  islands  and 
reefs,  and  not  to  the  growth  of  the  thin  crust  of  corals  which  thrive 
upon  the  reef  flats  forming  the  substratum  of  the  modem  reef — 
a  substratum  which  in  Fiji  may  be  of  volcanic  origin  or  composed  of 
elevated  limestone,  the  sea  face  of  which  is  the  extension  of  the 
former  land  mass  and  follows  its  ancient  slope,  being  only  slightly 
modified  by  the  growth  of  the  crust  of  recent  corals  found  upon  it. 

''  Similar  elevated  reefs  (probably  composed  of  the  same 
Tertiary  limestone  as  those  of  Fiji)  have  been  described  by  Clark 
at  the  lioyalty  Islands,  and  also  by  Ghambeyron  and  Pelatan. 
Ohambeyron  gives  figures  of  the  elevated  terraces  of  Lifou  and 
Ouvea  composed  of  coralliferous  limestone,  and  there  is  an  excellent 
photograph  taken  by  Pelatan  of  the  elevated  coral  reefs  of  Lifou, 
and  reproduoed  in  Bernard's  *Nouvelle  Cale&oiA^,^  ^«  ^«   ^\^^ 
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Mar6  U  said  bv  Pelatan  to  have  flve  tomoM  of  devstod  oonlliftvoii 
limeatone,  and  to  be  riddled  with  caTema,  Clark  oonaidafa  the 
elevated  ooralliferoiia  limeatonea  of  the  Loyalty  lalanda  piobaUy  ia 
be  Pleistooene. 

"In  the  Solomon  lalanda  Guppy  haa  traced  eztenaiTO  efavatoi 
reefa,  which,  howoTer,  he  oonatdera  aa  belonging  to  the  praaaat 
epooL  Elevated  ooralliferoiia  limeatonea  alao  eziat  in  the  New 
Hebridea,  aa  well  aa  on  the  aonthem  ahore  of  New  Gninaa. 

"The  time  of  this  Fijian  elevation  we  oannot  at  preaent  aaoerlain. 
It  is  not  onnatand  to  aasnme  that  it  waa  ooinddent  with  the  devation 
of  Northern  Queenaland,  and  that  the  area  of  elevation  indndad  New 
Guinea,  the  islands  to  the  eaat  of  it  aa  fiur  aonth  aa  New  Oaledonia, 
and  as  far  eaat  as  the  moat  distant  of  the  Paumotna  (Gamhier 
Islands),  and  extended  northward  of  that  line  to  include  the  Gilbert^. 
Ellioe,  Marshall,  and  Caroline  Islanda;  and  that  since  this  epoch  cf 
elevation  the  islands  within  that  area  have  been,  like  Northen 
Australia,  subject  to  an  extensive  denudation  and  eroaion,  many  of 
them  being  reduced  to  mere  flata  but  a  few  feet  above  the  anrboe  cf 
the  aea,  others  worn  awav  to  repreaent  to^y  but  a  email  portion  of 
their  former  extent  It  is  upon  the  reef  flata  thua  eroded,  or  anmnd 
the  islands  and  islets  which  are  the  remnanta  of  a  former  pericdr 
that  the  corals  of  to-day  have  obtained  a  foothold.  And  fiuther,  hf 
the  mechanical  action  of  the  sea  combined  with  that  of  the  tiade 
winds,  channels  have  been  excavated  out  of  the  aubatratnm  under- 
lying the  coral  reefs  to  form  the  lagoons  of  the  barrier  reefs  and 
atolls  of  Fiji. 

*'  So  that,  as  far  as  we  can  judge  from  the  case  of  the  Fiji  Islands^ 
the  shape  of  the  atollH  and  of  the  barrier  reefs  is  due  to  causes  which 
have  acted  during  a  period  preceding  our  own.  The  islands  of  the 
whole  group  have  been  elevated,  and  since  their  elevation  have,  like 
the  northern  part  of  Queensland,  remained  nearly  stationary,  and 
exposed  to  a  great  and  prolonged  process  of  denudation  and  of  aerial 
and  submarine  erosion,  which  has  reduced  them  to  their  present 
height ;  the  submarine  platforms  upon  which  the  barrier  reefs  have 
grown  being  merely  the  flats  left  by  the  denudation  and  erosion  of 
the  central  island,  while  the  atolls  are  similar  flats  from  the  surface 
of  which  the  islands  have  at  first  disappeared  and  the  interior  parts 
of  which  have  next  been  removed  by  the  incessant  scouring  of  the 
action  of  the  sea,  the  ceaseless  rollers  pouring  a  huge  mass  of  water 
into  the  lagoon,  which  finds  its  way  out  of  the  passages  leading  into 
it  or  over  the  low  outer  edges  of  the  lagoon.  These  atolls  and 
islands,  surrounded  in  part  or  wholly  by  encircling  and  barrier  reefs, 
have  not  been  built  (as  is  claimed  by  Dana  and  Darwin)  by  the 
subsidence  of  the  islands  they  enclose.  They  are  not  situated  in  an 
area  of  subsidence,  but,  on  the  contrary,  in  an  area  of  elevation. 
The  theory  of  Darwin  and  Dana  is  therefore  not  applicable  to  the 
Fiji  Islands. 

'*  The  evidence  of  elevation  is  not  limited  to  that  furnished  by  the 
remains  of  the  elevated  ooralliferous  limestone  just  mentioned,  and 
it  ia  natural  to  assume  lYiaV.  \.\i<^  e\^^tt.t\Qn.  we  have  juat  traced  was- 
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but  a  part  of  a  more  general  elevation,  which  perhaps  took  place  in 
late  Tertiary  times,  and  in  which  the  whole  group  was  involved. 
It  is  plain  that  there  must  have  been  most  extensive  denudation  and 
submarine  erosion  going  on  throughout  the  group  for  a  very  con- 
siderable time,  geologically  speaking.  The  outlines  of  the  islands, 
deeply  furrowed  by  gorges  and  valleys,  the  shcurp  or  serrated  ridges 
separating  the  valleys,  the  fantastic  outlines  of  the  peaks  and  chains 
of  Viti  Levu,  Yanua  Levn,  and  Ovalau,  all  attest  to  the  great  work 
of  atmospheric  agency  which  must  have  been  going  on  for  so  long 
a  period. 

"  The  extent  of  the  separation  of  the  islands,  islets,  or  isolated  rocks 
from  the  points  or  spurs  of  the  larger  islands  also  bears  witness  to 
the  great  length  of  time  during  which  submarine  erosion  and  denu- 
dation have  been  at  work. 

"  The  platforms  of  submarine  erosion  constitute  the  characteristic 
features  of  the  islands  of  Fiji.  A  glance  at  the  sketch  map  of  Fiji 
and  at  the  detailed  charts  of  different  portions  of  the  group  cannot 
fail  to  show  how  extensive  this  action  has  been. 

"  Add  to  this  tlie  fact  that  we  are  in  a  region  of  a  former  powerful 
and  extensive  volcanic  activity,  the  traces  of  which  can  stiU  be  seen 
in  all  directions,  and  which  has  undoubtedly  played  a  great  part  in 
the  lifting  of  the  island  masses  and  their  subsequent  shaping  to  their 
present  outlines.  From  this  evidence  I  am  inclined  to  think  that 
the  corals  of  to-day  have  actually  played  no  part  in  the  shaping  of 
the  circular  or  irregular  atolls  scattered  among  the  Fiji  Islands ;  that 
they  have  had  nothing  to  do  in  our  time  with  the  building  up  of  the 
substructure  of  the  barrier  reefs  encircling  either  wholly  or  in  part 
some  of  the  islands ;  that  their  modifying  influence  has  been  entirely 
limited  in  the  present  epoch  to  the  formation  of  fringing  reefs  ;  and 
tbat  the  recent  corals  living  upon  the  outer  margin  of  the  reefs, 
either  of  the  atolls  or  of  the  barriers,  form  only  a  crust  of  very 
moderate  thickness  upon  the  underlying  base.  This  base  may  be 
either  the  edge  of  a  submarine  flat,  or  of  an  eroded  elevated  lime- 
stone, or  of  a  similar  substructure  composed  of  volcanic  rocks,  the 
nature  of  that  base  depending  absolutely  upon  its  character  when 
elevated  in  a  former  period  to  a  greater  height  than  it  now  has; 
denudation  and  erosion  acting  of  course  more  rapidly  upon  the 
elevated  coralliferous  limestones  than  upon  those  of  a  volcanic 
character.  It  is  therefore  natural  to  find  that  the  larger  islands,  like 
Eandavu,  Ovalau,  and  Taviuni,  are  of  volcanic  origin,  while  the 
islands  which  once  occupied  the  area  of  the  lagoons  of  Ngele  Levu, 
Nanuku  Heefs,  Yanua  Mbalavu,  the  Argo  Eeefs,  the  Oueata,  Yangasa, 
Aiwa,  Ongea,  and  Yatu  Leile  clusters,  were  composed  of  elevated 
coralliferous  limestones.  They  have  disappeared  almost  entirely, 
leaving  only  here  and  there  a  small  island  to  attest  to  the  former 
existence  of  a  more  extensive  elevated  limestone,  once  covering  the 
whole  area  of  what  is  now  an  atoll.  Smaller  volcanic  islands,  like 
Matuku,  Moala,  Ngau,  Nairai,  and  Eoro,  also  show  the  greater  or 
smaller  extent  to  which  each  has  been  eroded  after  its  elevation, 
being  least  in  Koro  and  Matuku,  and  somewbat  mox^  Sxi  1&a»\sw  ^sA 
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Ngau,  and  slill  more  in  Nairn! ;  whils  in  such  voloanio  iaUnils  with 
atolls  aa  MbengbR,  Wakiiya,  and  Makongai  the  denudation  and 
tiubiiiariDe  erosion  liave  been  still  greuler,  llie  islanda  covering  bat 
a  cumparatively  euall  area  of  that  once  covered  by  the  island 
originally  occupyiDg  the  area  of  the  lagoon ;  this  deiiudalioa  having 
been  carried  to  a  still  greater  extent  in  the  Kimbombo  cluster,  in 
Eumo,  and  the  islands  of  Duff  Reef.  This  process  of  denudation  and 
submarine  erosion  may  have  gone  so  far  as  lo  leave  no  trace  in  an 
atolt  of  its  Tulcimic  or  of  its  limestone  (elevated)  origin,  its  shape 
to-day  being  entirely  due  to  meohanioal  aolion,  and  having  notliiog 
to  ilo  with  the  growth  of  the  corals  which  have  foiiml  a  fooling  npon 
the  flats  due  to  subinaricie  erosion  and  to  denudation  and  to  the 
notion  of  the  atmosphere  and  of  the  ecu. 

"  It  seems  to  me  as  if  the  positiun  of  an  island  left  on  the  western 
or  lee  edge  of  a  lagoon  depended  upon  the  original  position  of  its 
highest  point  Tliis  appears  in  the  case  of  Makongai  and  Waksya. 
TliB  crest  of  the  former  was  probably  near  the  eastern  edge,  while 
tlie  highest  point  of  Wakaya  was  ])erhnps  nearest  the  western  side  of 
the  original  island.  Similarly  the  highest  summit  and  ridge  of 
Vatu  Leile,  if  our  views  are  oorreot,  was  on  the  western  faoo  of  the 
original  land  mass.  The  highest  ridge  of  Rambe  lies  on  the  north- 
western side  of  the  submarine  plateau  ;  the  islands  of  Budd  Keef 
indicate  its  highest  land  to  have  been  on  the  northern  part  of  ths 
plateau. 

"Admiral  Wharton  has  suggested  "the  cutting  down  of  volcnnio 
inlands  h^  the  action  of  the  sea,  and  that  this  action  has  a  far  greater  1 
«hai-e  in  furnishing  coral  foundations  than  has  been  generally 
admitted.'  From  our  experience  in  Fiji  we  may  safely  modify  this 
to  the  cutting  down,  not  only  of  voloanio  islands,  bat  also  of  othn 
elevated  islands,  and  their  cutting  down  not  only  by  sabmariM 
erosion  but  also  by  denudation  and  atmospheric  agencies,  and  thai 
preparing  the  foundations  upon  which  recent  corals  have  established 
themselves.  Add  to  this  the  elevation  of  hanks  composed  of  voloanio 
rocks  or  of  sedimentary  rocks  up  to  heights  at  which  oorala  or 
corallines  can  begin  to  grow,  and  we  have  in  addition  to  their 
increment  in  height  from  the  increase  due  to  pelagic  organisms  and 
the  decay  of  other  calcareous  invertebrates  living  npon  their  anr&os 
all  the  elements  needed  for  the  preparation  of  a  set  of  fonadationi 
from  very  different  causes. 

"I  have  nlreadyon  other  occasions  called  attention  to  thepoworfiil 
scouring  effect  produced  upon  the  interior  of  an  atoll  or  la^^Q,  or 
the  channel  of  a  barrier  reef,  by  the  mass  of  water  poured  into  it 
from  all  sides  as  the  huge  ocean  swells  break  over  the  onter  rim- 
This  mass  of  water  can  find  no  outlet  against  the  incessant  swell; 
it  must  escape  to  leeward  through  the  openings  in  the  outer  resf 
flats,  or  laterally  over  the  low  parts  of  their  outer  edges.  It  will  be 
noticed  that  the  openings  are  usually  on  the  west  fsoe  of  the  atoll, 
the  direction  in  wuich  the  prevailing  trades  drive  the  water  of  tbs 
Ja^on.  The  water  beoomes  charged  with  particles  of  lime  or  of 
Other  material,  and  v«  boou  ^w^^  t\\  *&»  «\»iaiMita  of  a  modtflM 
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gigantio  potbole,  from  which  the  churned  material  is  carried  out  bj 
the  currents  flowing  through  the  entrances  into  the  lagoon.  It  has 
long  been  known  that  there  is  a  violeut  rush  of  water  out  of  the 
lagoons,  the  velocity  attained  reaching  sometimes  four  to  five  knots. 
In  Fiji  I  have  noticed  these  powerful  currents  flowing  out  of  the 
passages  leading  into  the  lagoons  of  Fulanga,  of  Ngele  Levu,  of 
Wailangilala,  of  Yatu  Leile,  of  Totoya,  and  racing  along  the  interior 
channels  of  the  great  barrier  reef  stretching  along  the  south  coast 
of  Viti  Levu,  especially  at  Lauthala  Bay,  Suva,  and  the  reef  harbors 
and  passages  between  Suva  and  Serua,  and  out  of  the  smaller  atolls 
like  Motua  lai  lai,  Thakau  Leka  leka,  Thakau  Momo,  and  others. 

''The  strength  of  the  currents  in  the  channel  separating  the 
barrier  reef  and  the  shore  has  been  noticed  by  Semper  and  by 
Mobius  as  bearing  an  important  part  in  Mauritius.  There  is  in  the 
Biologisches  CentralhlatU  1889-90,  Bd.  ix,  p.  564,  a  short  review 
of  the  third  edition  of  Darwin's  'Coral  Reefs,'  showing  the  principal 
points  in  the  discussion  of  the  reefs  to  which  Bonney  has  called 
attention.  But  this  discussion  is  mainly  theoretical,  and  adds  no 
new  factors  in  the  problem.  I  would  refer  to  what  Gtirdiner  says 
regarding  the  conditions  affecting  the  growth  of  coral  reefs  in  Fiji, 
where  he  shows  the  effect  of  tidal  currents  in  the  passages  of  reefs 
and  inside  of  reefs.  Strong  currents  prevent  the  coral  larvas  from 
fixing  themselves  in  localities  which  they  scour,  while  the  corals 
will  thrive  off  the  passages  where  the  currents  have  lost  their 
strength.  The  navigators  and  naturalists  of  the  U.S.  Exploring 
Expedition  frequently  speak  of  the  rapid  outward  current  passing 
through  the  openings  of  the  reefs,  especially  during  the  ebbing  tide. 
Dana  had  noticed  the  great  strength  of  the  tidal  currents,  and  he 
well  explains  by  their  action  the  great  diversity  of  distribution  of 
material  over  the  bottom  of  a  lagoon  or  of  a  barrier  reef  channel. 

"  There  seems  to  be  no  question  that  the  action  of  the  sea  can  cut 
out  the  lagoons  of  barrier  reefs  and  of  atolls  at  the  depths  at  which 
they  have  been  observed  in  the  Fijis.  Although  there  are  individual 
atolls  which  show  depths  of  thirty-five  to  fifty  fathoms  and  even 
more,  these  are  exceptional  depths,  which  are  readily  explained  as 
due  to  other  causes  than  the  scouring  action  of  the  sea. 

**  Admiral  Wharton  has  given  an  excellent  summary  of  cases 
showing  to  what  depths  the  action  of  the  sea  in  motion  may  be  felt 
to  a  sufficient  extent  to  move  material  at  depths  of  fifty  to  sixty 
fathoms.  As  he  justly  says,  '  The  effect  [of  the  action  of  the  waves 
in  an  otherwise  deep  sea  over  which  strong  winds  are  continually 
blowing]  will  be  to  cut  down  an  island  more  or  less  rapidly, 
according  to  its  constitution,  to  a  very  considerable  depth  below  the 
surface,  the  final  result  being  a  perfectly  fiat  bank.' 

**The  sections  plainly  indicate  the  general  flatness  of  the  lagoons, 
with  a  slight  inclination  in  the  direction  of  the  flow  of  the  water 
in  the  lagoon  toward  the  ship  passages  leading  into  the  lagoon,  and 
the  outline  of  the  islands  which  have  first  been  cut  down  by 
atmospheric  agencies  show  irregularities  which  disappear  finally 
when  they  have  come  within  the  scope  of   ^wbm^xvcv^  ^xq<^\^\i^ 


resulting  ia  auoli  '  sunkeo '  baiike  as  (be  Penguin  Bank. 
'  Bunken '  we  do  not  mean  in  any  waj  to  refer  (o  aiibsidenco  m 
a  factor  in  proiinoing  sucli  a  bank.  Tlie  mass  of  water  which  ii 
poured  into  a  lagoon  on  the  windward  face  of  a  repf,  and  trsngform* 
it  into  a  giganliu  pothole,  is  something  ennrraoua.  The  bresksB 
follow  one  aootlier  inceesantly,  and  the  hydrnnlic  bead  obtained  it 
amply  Biifiicient  to  accnnnt  for  the  scouring  of  tbe  lagoons  after  tbs 
reef  has  once  eatabliEbed  itself  as  a  bank,  and  amply  sufficient  to 
wear  away  from  the  slope  of  tlia  islands  the  platform  opon  wbidi 
tb«  coral  reef  is  built.  The  toijography  of  this  platform  is  naturally 
much  varied,  depending  upon  tbe  cbaraoter  of  tbe  sbore  line,  the 
direolion  of  the  valleys  of  the  shore  bills,  and  their  oomposilioii. 
A  glance  at  the  charts  accompanying  this  Bulletin  will  sbow  all  ] 
possible  conditions  of  submarine  eroBion  in  tbe  cutting  do\vii  of  tbo 
Bubmarine  platforms  of  the  islands  of  Fiji,  and  in  the  manner  in 
which  islands,  islets,  and  rocks  have  been  left,  attesting  their  formet 
greater  extension  in  the  various  clusters  of  tbe  Archipelago.  . 

"  When  tbe  principal  openings  are  not  on   the  lee  side  of  tba  J 
lagoons,  as  is  the  cose  with  Vanua  Mbalavu,  and  the  Argo  Peef  ot  1 
Totoya,  Fulanga,  and  a  few  others,  there  is  usually  a  simple  reason,   I 
such  as  the  lower  elevation  of  the  island  once  covering  the  ares  of 
the  lagoon  at  some  point  not  on  the  lee  side,  or  the  fact  that  tbs 
lagoon  has  been  formed  on  a  steep  voloauic  slope  looking  eastward 
or  northward,  so  that  deep  ravines  ov  tongues  of  deep  water  cut  into 
the  lagoons,  and  Intercept  the  coral  patches  forming  its  rim  on  the  J 
weather  side,  and  thus  leave  a  wiudward   passage.      It  is  by  sonw   I 
each  orogtmio  oonilitiaa  tjial  we  must  explain  tlia  esiiitenoe  of  daap    ' 
soundings   within  atolls,  —  soundings    whioh   in   no   wsy   iodiaito 
a  subsidence,  as  has  been  assumed  by  Darwin,  and  whiob  aooording 
to  him  were  not  to  be  explained  by  any  other  hypulheais.     Sncli 
deep  ravines  are  of  course  also  to  be  traced  on  the  slopes  of  tb» 
larger  islands  where  we  find,  crosBing  tbe  shallow  plateauH  on  vrfaieli 
ooral  patches  grow,  valleys  of  considerable  depth,  which  appear  u 
deep  soundings  within  tbe  area  of  an  outer  reef  flat  sacfa  sa  in  tlw 
great  plateau  off  Yiti  Levu  and  Tanua  Levu,  or  of  Eandavn  and 
Tavluni,  which  ocoording  to  Darwin  would  indicate  a  Biibridooo^ 
while,  on  the  contrary,  they  are  a  part  of  tbe  results  of  the  alvntioii 
and  lifting  up  of  that  region  of  Fiji. 

"Nor  are  the  great  depths  found  olose  to  narrow  1  into  of  eonit 
an  indication  tbat  the  oorals  'have  grown  up  as  a  nMrlj  vartk^ 
wall  from  a  depth  of  two  or  three  hundred  fathoms  or  mors.  It 
merely  indicates  that  tbe  oorals  form  a  thin  orust.  at  most  ISOftMt 
in  thickness,  over  a  sharp  voJoaoio  ridge,  the  summits  or  crtet  of  ' 
which  have  either  reached  by  elevation  the  depths  at  whitA  OorA 
oan  grow,  or  faave  been  denuded  by  submarine  erosion  to  fbns 
a  platform  below  the  level  of  tbe  sea,  whero  oorals  havto  found 
a  footing  upon  them, 

"  My  observations  in  Fiji  only  emplusixe  what  lulk  bb^n  said  n 
bften,  that  there  ia  no  general  thsofy  of  the  fbrmadon  bf^tai  tvA 
mtbar  of  bamei'te«tft  qt  fttoWK. «^^tfak!blA  ta  «U'dlitribti.aiia-aU 
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each  distriot  most  be  examined  by  itself.  At  least  saoli  bas  been  my 
ezperienoe  in  the  Bermudas,  the  Bahamas,  Cuba,  Florida,  the  West 
Indies,  the  Sandwich  Islands,  and  Australia.  The  results  of  this  trip 
«how  plainly  that  Darwin's  theory  is  not  applicable  to  the  Fiji 
Islands,  notwithstanding  the  borings  at  Funafuti,  and  that,  in  all 
the  cases  I  have  examined,  the  reefs  form  but  a  thin  crust  upon  the 
underlying  base,  the  shape  and  composition  of  which  is  not  in  any 
way  due  to  the  growth  of  corals  of  the  existing  period." 

It  is  only  possible  to  allude  to  the  clearness  and  excellence  of 
execution  of  the  charts  and  the  beauty  of  the  illustrations.  The 
work  will  be  sought  after  and  appreciated  by  all  who  are  interested 
in  the  great  question  of  the  origin  and  the  formation  of  Coral  Beefs. 


jEi,  :m  "v  X  :m  ^w  Q. 

L — Ths  Falaontoobaphioal  Sooibtt  of  LoNpoN  :  Annual 
Volumes  (li  and  Hi)  for  1897  and  1898.  Issued  to  subscribers 
of  one  guinea  annually,  paid  on  1st  January  to  the  Hon. 
Secretary,  the  Rev.  Professor  Thomas  Wiltshikb,  M.A.,  D.Sc, 
F.O.S.,  25,  Granville  Park,  Lewisham,  S.£. 

THE  fiftieth  volume  issued  by  this  Society,  for  the  year  1896,  was 
reviewed  by  us  in  March,  1897  (see  the  Qxol.  Mao.,  1897, 
Dec.  rV,  Vol.  IV,  No.  393,  pp.  134-8).  Since  that  date,  vols,  li  (for 
1897)  and  lii  (for  1898)  have  been  issued  to  subscribers,  and  vol.  liii, 
for  the  present  year,  might  appear  at  any  moment,  having  already 
gone  to  the  printers. 

The  salient  points  of  the  monographs  contained  in  the  last  two 
years'  volumes  may  now  be  briefly  touched  upon. 

I.  —  The  fourth  (concluding)  part  of  the  Monograph  of  the 
Foraminifera  of  the  Crag  (1897)  has  been  written  by  T.  Rupert 
Jones,  assisted  by  his  highly  competent  allies,  Messrs.  H.  W.  Burrows, 
C.  D.  Sherbom,  F.  W.  Millet,  and  F.  Chapman,  who  have  long 
b^en  authorities  on  the  history  of  the  Microzoa  forming  the  subject 
of  this  monograph.  This  Part  (pp,  vii-xv,  315-402,  woodcuts 
24-30 ;  there  are  seven  plates  in  the  foregoing  Parts  I-III,  and  their 
figures  are  largely  elucidated  in  this  last  Part)  treats  of  some  of  the 
Botalian  group,  and  all  of  the  known  British  Nummulinidee,  including 
several  NonionimB  and  Polystomella,  and  some  representatives  of 
AmphUieginaf  Operculina,  Nummtditea,  and  Orbitoidea,  but  the 
specimens  of  the  four  latter  genera  have  probably  been  derived  from 
older  strata  and  left  in  the  Crag  of  Sussex,  whence  they  were 
obtained.  The  whole  series  of  Foraminifera  as  known  fossil  in  the 
English  Tertiaries  is  thus  completed,  as  begun  in  Part  I  (1866),  but 
restated  and  continued  in  Part  II  (1895)  and  Part  III  (1896). 
Having  been  carefully  collated  with  past  and  current  rhizopodal 
literature,  this  well-illustrated  monograph  must  prove  to  be  a  valuable 
guide  to  further  research.  Geologists  will  fully  appreciate  Messrs. 
Burrows  and  Holland's  elaborate  **  Table  of  the  Dv&tt\bM\.vyci  ^S.  ^^ 
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Foraminirera  in  the  Crag  o.nA  \a  sume  Con Ump oral) Gous  Formaliontj 


1  Europe"  {pp.  374-3i)4),  in  which  the  occurrence  of  410  gem 
nnd  HpecieB  in  the  several  divisiona  of  ihe  Crag,  and  of  tha  Pliotnaa 
of  Belgium  nnd  of  Italy,  and  oue  zono  m  the  south  of  Spain,    "" 
carefully  compareil. 

II. — A  Monograph  of  the  British  Carboniferous  Laniel  11  branchiate 
by  Wheellon  Hind,  M.D.,  etc.  Part  II,  Mytilidte,  Aroidie,  NucnliJa;' 
pp.  81-200,  piB.  iii-xv  (1897).  The  author  has  devoted  time  anl 
labour  to  this  useful  work.  The  synonyraiee  of  the  genera  and  of 
their  mnny  apeoies  are  good  evideuce  of  tbia;  and  the  sever^ 
dsRcriptions  show  ooDsoientioUB  work.  The  genera  tr6st«d  of  an: 
Posidoniella,  De  Koninok,  9  species;  Naiaditet,  Dawsoh  (8  spedu 
were  described  in  Ibe  author's  monograph  in  ISSii) ;  Myalina, 
De  Eoninuk,  7  species ;  Parallelodon,  De  Eoninck,  22  apeciM; 
Nuenta,  Lamarck,  8  species ;  Nuculana,  Link,  6  speciee.  Plate*  it! 
to  XV  illiiHtrate  these  forms  in  abundant  detail. 

Part  m,  pp.  2U9-2T6,  pla.  xvi-xxv  (1898).  The  Nuciilid% 
continued;  Clettodonta  baa  one  epeciea.  Of  the  Trigouid»  [rightlf 
Trigoniidfe]  we  have  here  Schhodnt,  4  species ;  Prototehizodiai 
13  species.  Of  the  TJnionidte,  AiUliracomgain  the  type.  Edmondiiltf 
supply  Curdioinorp/iu,  with  9  species.  The  illustrations  are  nnnietoii^ 
anil  aim  at  the  correct  deGiiilion  of  all  the  features  of  the  shcUi, 
both  in  external  and  internal  aapect. 

III. — A  JIoDograph  of  the  Carboniferous  Cepbalopoda  of  Ireland, 
by  Arthur  H.  Poord,  Ph.D.,  F.G.H..  etc.  Part  J,  Orthoceratid«; 
pp.  1^22,  pla.  i-vii  (1897).  The  author  had  produced  a  doctoral 
thesis  wilb  tbeae  fossils  as  its  theme,  and  here  the  descriptioDs  an 
reproduced  witb  appropriate  and  good  lithograph  illuBtrationa  of  fall 
size.  Grouping  them  as:  A.  Longieont§;  Group  I,  Lenia,  ukI 
Bub-Group  Cylijtdn/ormM,  he  describe*  12  apeoiea;  aub-Qroap 
MoniliformM,  3  ipeciea.  Of  Group  II,  ^nmittita,  1  speOisa.  Of 
Group  III,  Angalata,  1  apeoiea.  Of  Group  IV,  Zineata,  4  apeoiea. 
Of  Group  V,  Imbrieata,  1  apeoiea.     Moat  of  theae  are  new  spooiea. 

Part  II  (1898)  oontains  the  concluding  part  of  the  Orthooeratids^ 
and  the  familiea  Actinooeratidsa,  CyrtooeratidcB,  and  tha  Poterio- 
oeratidn,  with  25  pagea  of  letterpreaa  and  10  platea.  It  ia  only 
right  to  say  a  noM  in  praise  of  Mi.  A.  H.  Crowthar'a  excellent 
and  careful  litbograpbio  platea  of  Iriah  cephalopoda,  drawn  under 
Dr.  Foord'a  own  eyea  in  Dublin,  U  they  ore  certainly  among  the 
beat  ill  OB  (rations  which  the  volumea  oontain.  Dr.  Foord'a  wide 
experience  in  the  atudy  of  Cephalopoda  in  Canada,  in  the  British 
Museum,  and  now  in  Dablin,  renders  hia  monograph  of  gnat 
aoientifio  value  to  palKontologiats. 

IV- — A  MonogTaph  of  the  Devoniao  Fauna  of  the  Soath  of 
Fngknd,  by  G.  F.  Whidhome.  M.A.,  F.G.S.,  etc.  Vol.  iii,  pt.  2: 
The  Fauna  of  the  Harwood  and  Pilton  Beds  of  Nortli  Devon  and 
Someraet  (continued) ;  pp.  113-178,  pla.  xvii-xxi  (1897).  Scroa 
farther  reeulta  of  the  Rev.  O.  F.  Whidhome's  enthaaiaatio  reseatobM 
among  the  relics  of  an  old  Devonian  fauna,  badly  preserved  hj 
nature  in  the  strata  oE  DBYotka^i\t«,  vc«\i«n  ^'svn. 
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Prooeetling  with  the  Bivalved  Mollusca,  he  desoribes  one  more 
species  of  ParaUelodon,  one  of  ModioUpBtB,  oue  of  Modiola,  one  of 
Spaihella,  and  of  Digoniomya,  a  proposed  genus.  Of  the  Avioulidse, 
he  has  Cobraeephalus  (provisional),  Jjeptodesma,  Leiopieria^  Fiycho" 
pteria,  AvicutopeeUn^  Actinopteriaf  Pterinopecten^  Crenipecten  (?), 
Pleuronectitet,  Pemopecien,  and  ProthyrtB.  Numerous  specimens  of 
Brachiopods  have  been  collected  by  the  author  from  the  strata 
referred  to,  and  many  of  them,  though  distorted,  are  sufficiently 
recognizable  as  species  of  RenaBellcBria  (?),  Athyri$,  Spin/era, 
Spiri/erina,  Bhynehonella,  Orthis,  OrthoieteSt  Strophomena,  Prodnctua, 
Slrophalona,  and  Chonete$,  The  extreme  care  witli  which  the 
author  has  come  to  a  decision  on  the  probable  and  possible 
affinities  of  the  fossils  passing  through  his  hands  is  highly  com- 
mendable, and  enhances  the  value  of  his  work  very  considerably. 

In  Part  III,  pp.  179-236,  pis.  xxii-xxxvii  (1898),  continuing 
with  the  Brachiopoda,  we  have  ClioneUt,  Crania^  Discina,  and 
Zingula,  Under  'Bryozoa,'  which  term  he  decides  in  an  earlier 
monograph  not  to  be  so  correct  as  '  Folyzoa,'  but  allowable  to  be 
used  for  convenience,  he  has  Fenestella,  Pinniretepora,  Slreblotrypa, 
Bhabdomeson,  Leioclema,  and  Fittulipora  (?).  CorntUites  represents 
the  Annulosa.  Of  the  Echinodermata  there  are  Lepidesiret^  Proto- 
eidaris,  Palaaaier,  MedusasteTf  ProtaateTf  EugaBter  (?),  Ophiurella  (?), 
Pentremitidea,  CodonaBter,  Taxocrinutf  Bhodocrinus,  Megistocrinus, 
Marioerintu  (?),  Actinocrinua,  Platycrinus  (?),  Adelocrinus,  Poterio- 
erinus,  Scaphicrinus,  Scytalocrinus  (?),  and  Caliocnnus,  It  is 
pleasant  to  find  among  the  foregoing  several  of  the  species 
formerly  described  by  Professor  John  Phillips,  but  the  '  types ' 
of  which  have  been  difficult  to  find  until  Mr.  Whidbome  has 
devoted  himself  to  these  Devonian  fossils  both  in  quarries  and 
in  museums. 

V. — In  the  fifty-second  volume  (for  1898),  we  find  that  Professor 
T.  Rupert  Jones  and  H.  Woodward  have  contributed  Part  III  to  their 
Monograph  of  the  British  PalsBOzoic  Phyllopoda  (Phyllocarida), 
devoted  to  the  genus  Dithyrocaria  (pp.  125-176  and  pis.  xviii-xxv). 
This  genus  contains  some  of  the  most  beautiful  forms  of  NebaliaAike 
Crustaceans,  in  which  the  bivalved  cai-apace  is  borne  upon  the  back 
of  the  cephalothorax,  with  the  lateral  margins  of  the  valves  more  or 
less  open,  like  a  dorsal  shield,  as  in  Apua.  The  carapace  in  this 
genus  is  variously  and  beautifully  ornamented,  sometimes  by  striae, 
sometimes  by  punota  or  reticulate  raised  lines,  in  others  by  scale-like 
markings,  and  there  are  also  raised  lines  and  tubercles,  reminding 
one  of  the  ornamentation  seen  in  Pterygotua  and  Eurypterua,  The 
dorsal,  lateral,  and  marginal  ridges  are  likewise  ornamented  in 
various  degrees  and  form.  Abdominal  segments,  to  the  number 
of  four,  are  seen  in  some  examples  projecting  beyond  the  posterior 
border  of  the  cephalothoraoic  buckler,  as  in  Nebalia,  These  also 
are  ornamented  by  waved  lines,  and  terminate  in  three  tail-spines, 
stiff,  pointed,  and  ridged  like  bayonets.  Most  of  them  are  of 
Carboniferous  age,  and  occur  in  the  coalfields  of  Scotland,  Yorkshire, 
and  Lancashire. 


434     BmeM—OmemtSM—a^^a^JMIiakFhim^ 

TL— Hr.  S.  8.  Bubknnn.  T.Q.&t  oontrlbiitei  to  fbm  tltj-mmmi 
Tolame  (1898)  Part  X  of  bis  Honomph  on  the  Inferior  (Mill 
Ajninonitee  of  the  Britieh  Iiliiid%  Muig  a  mppleiiient  to  mt 
reyisfon  of  the  Hildooeiatida;  wtih  4  pictee  end  S2  mh 
of  text  Hr.  Baokman  obeenree  that  "a  thorough  le^iabn  or  tta 
f;enera  and  epeoiea  belonging  to  the  fiunfly  BUdooenBtidB  k 
imperative,  for  two  reaaons:  (1)  beoanae  of  the  large  aiwnmrilaJon 
of  material,  with  so  manj  new  forma;  (8)  beoanae  the  knowle^gi 
ooDoeming  the  aflbiitiea  of  different  ^edee  baa  neoenari|j  beoooN 
more  oomplete.** 

If  Mr.  Baokman  oan  onlj  anooeed  in  making  tfaia  moat  dHlleitt 
aabjeot  of  the  fiuniliea  and  genera  of  Ammonitee,  anbh  aa  tte 
Hildooeratidn,  as  olear  to  hia  readera  aa  it  is  to  bimaelft  be  wBI 
have  earned  the  thanka  of  all  the  membara  of  the  FdaBontographiod 
Society  as  well  as  of  geologista  and  palmmtologista  in  geiuinl  wha 
attempt  to  deoipher  these  beaatifnl  and  variable  extinot  MdUnaoan 
ahell-forms.  One  result  of  Mr.  Bnbkman*a  long  stadj  of  the  granp 
is  that  he  oomes  to  the  oondosion  that  **  outward  form  ia  of 
aubordinate  value  in  olassifioation.    It  ia  obviona  that 


dissimilar  in  mere  shape'  can  produosb  by  modification,  anaoimani 
which  are  very  aimilar.**  '*  Henoe  some  other  criteria  of  aflaily 
must  be  sought  for;  and  they  are  to  be  fimndin  the  ohanolenof  tts 
ornamentation  and  suture-lines  of  the  species.  In  oomparison  wHk 
the  mere  shape,  both  these  features  are  constant  They  are  modillahle 
and  they  are  modified;  but  they  change  so  much  more  gradually 
than  does  the  mere  shape  of  the  conch  that  they  may,  for  pracdou 
purposes,  be  regarded  as  fairly  stable.  At  any  rate,  they  change  so 
slowly  that  their  identity  is  preserved."     (p.  i.) 

In  regard  to  the  relative  value  of  the  suture-line  and  the  charaotsr 
of  the  ornamentation  as  criteria  of  affinity,  Mr.  Buckihan  admits 
that  the  former  undoubtedly  holds  the  premier  place.  He  contends, 
however,  that  in  a  group  like  the  Hildoceratidse  the  ornament 
is  of  great  assistance. 

Mr.  Buckman  gives  tables  of  his  revised  system  of  classification. 
and  we  can  only  express  a  hope  that  they  will  be  found  capable  of 
adoption  by  other  workers :  so  shall  he  have  praise  of  all  men. 

We  congratulate  the  Secretary,  the  Editor,  the  Authors,  and  the 
Artists  on  the  output  of  monographs  during  the  years  1897-98 
as  reflecting  the  highest  credit  on  the  Palseontographioal  Society; 
and  we  trust  that  its  ranks  will  be  increased  by  the  accession  of 
fresh  recruits,  so  as  efficiently  to  maintain  this  costly  war&re  against 
the  still  formidable  ranks  of  undescribed  British  fossils. 


II. — ^Thb  Okigik  of  the  British  Flora.     By  Clsxbiit  Bud, 
F.R.S.,  F.L.S.,  F.G.S.     (London :  Dulau  &  Co.,  1899.) 

rilHE  publication  of  Mr.  Clement  Beid's  book  constitutes  a  welcome 
JL  and  valuable  addition  to  palteobotanical  literature ;  the  volume 
contains  in  a  small  compass  and  in  a  clearly-written  form  the  resnlt 

'  Perhaps  the  differences  observed  **  in  mete  shape ''  may  be  iMWo/,  in  that  tm 
the  ofbprmg  would  be  *^  Tery  «XDi\iBx,  * 
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of  twenty  yean'  work.  The  method  of  treatment  adopted  by  the 
author  is  sach  as  to  inspire  the  reader  with  oonfidenoe  ;  the  greater 
|>art  of  the  evidenoe  whioh  is  addnoed  being  the  result  of  painstaking 
work  by  one  who  has  proved  himself  not  only  au  able  geologist,  but 
a  keen  naturalist,  thoroughly  equipped  by  oontact  with  Nature,  under 
varied  conditions,  to  attack  the  problems  whioh  centre  round  the 
origin  of  the  British  Flora. 

in  the  introductory  chapter  Mr.  Retd  tells  us  something  of  his 
methods  of  work :  while  availing  himself  of  the  assistance  afforded 
by  the  herbaria  of  Eew  and  the  British  Museum,  he  soon  found 
himself  compelled  to  collect  his  own  material,  especially  seeds  and 
fruits,  to  compare  with  the  fragmentary  relics  of  the  Pleistocene 
vegetation.  Making  the  most  of  his  opportunities  in  the  field,  the 
author  paid  special  attention  to  such  biological  phenomena  as  the 
dispersal  of  seeds,  and  other  factors  concerned  in  the  struggle  for 
existence  among  our  native  plants,  which  might  enable  him  to  more 
satisfactorily  interpret  the  fossil  records,  and  to  appreciate  the 
complex  agencies  connected  with  the  origin  of  the  present  flora. 

In  chapter  ii,  entitled  '*  The  Present  Flora  of  Britain,"  there  are 
many  useful  notes  on  the  influence  of  climatal  conditions  and  other 
agencies  of  importance  in  determining  the  composition  and  dis- 
tribution of  the  British  flora.  It  is  pointed  out  that  Britain  shows 
signs  "  of  a  geographical  distribution  of  plants  largely  independent 
of  that  due  to  climate;  or,  perhaps  we  should  say,  not  governed 
by  existing  climatal  conditions."  One  of  the  peculiarities  of  the 
present  flora,  whioh  it  is  difficult  to  understand,  is  illustrated  by  the 
occurrence  of  Pyrenean  plants  in  the  West  of  Ireland  and  in 
Cornwall  and  Devon.  In  speaking  of  the  woodland  flora  Reid 
refers  to  the  probability  of  such  trees  as  the  Horse  Chesnut,  Spanish 
Chesnut,  Sycamore,  Lime,  and  others,  having  been  introduced  by 
the  Bomans,  who  were  in  the  habit  of  planting  trees  round  their 
Tillas  for  shade  and  beauty. 

The  interest  of  chapter  iii,  dealing  with  a  subject  which,  if  treated 
fully,  would  occupy  several  times  the  space  allotted  to  it,  is  con- 
siderably increased  by  a  number  of  new  and  interesting  facts  based 
on  personal  observation.  The  spread  of  oak  woods  is  no  doubt 
intimately  connected  with  bird*agency ;  the  occurrence  of  oak 
seedlings  in  various  situations  where  no  mammal  would  take  the 
fruits,  and  other  facts,  lead  the  author  to  conclude  that  rooks  are 
mainly  responsible  for  the  dispersal  of  acorns. 

Long-distance  transport  of  large  edible  seeds  may  occasionally  be 
due  to  rare  accidents  rather  than  to  special  adaptation,  as  illustrated 
by  the  following  note: — **Some  years  ago  I  found  in  an  old  chalk- 
pit the  remains  of  a  wood-pigeon  which  had  met  with  some  accident. 
Its  crop  was  full  of  broad  beans,  all  of  which  were  growing  well, 
though  under  ordinary  circumstances  they  would  have  been  digested 
and  destroyed."  The  avidity  with  which  some  of  our  native  plants 
occupy  a  newly  exposed  tract  of  ground  is  neatly  illustrated  by  the 
following  description : — *'  When  the  new  railway  to  Cromer  was 
made,  the  turf  and  top  soil  were  pared  off  for  ^  Vou^  ^\%\asi^^^V!^ 
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nothing  more  wai  done  for  eeveml  monthi.  Next  anmmer  tbo  nmla 
of  the  line  was  marked  by  a  aoarlet  ribbon*  whibh  oonld  be  aeBn 
atretohing  aoroaa  the  oonntry,  the  newl j-baied  aob^Miil  hnTing  been 
taken  poaaeaoion  of  by  a  profnaion  of  poppiea.** 

In  chapter  ir  the  anwor  givea  an  exceedingly  intereating  but 
cautioua  epitome»  ao  far  aa  OTideooe  ia  ayailablcb  of  the  rapid 
ancoeaaion  of  amall  ohangea,  which  charaoterised  the  lateat  atagea  in. 
the  evolution  of  the  Britiah  lalea.  The  reader  ia  warned  that  the 
author  haa  been  "led  to  interpret  the  recorda  aomewhat  diffarently 
from  other  geologista."  The  oondnaiona  have  not  been  arrived  at 
without  the  careful  examination  of  truatworthy  data,  and  many 
readers  will  be  inclined  to  agree  with  Beid'a  view  that  the  raooioa 
of  mild  interglaoial  epocba  are  of  much  greater  importanoe  than 
has  been  frequently  assumed.  Hie  Ice  A^  haa  undoubtedly  been 
exaggerated  aa  a  period  of  extreme  Axotio  conditiona;  it  reqnina 
but  a  alight  ohuige  in  a  temperate  olimate.to  bring  aboat  a  wide- 
apread  glaoiation.  It  would  aeem  highly  probable  that  duriqg  the 
rleistooene  period  the  climate  waa  "  at  leaat  aa  commonly  tenipeiate 
aa  Avotio,"  and  at  two  or  more  perioda  there  waa  a  anSoient 
accumulation  of  anew  and  ice  to  convert  a  temperate  into  aa  Aietio 
climate,  lliia  chapter  givee  us  many  glimpaea  of  fascinating  intenat 
of  the  wavea  of  life,  which  awept  over  Britain  during  the  period  of 
constantly  changing  conditiona  between  the  Pre*Qlaoial  and  the 
Boman  age. 

Chapter  v  consists  for  the  most  part  of  lists  of  plants  from  various 
localities,  but  it  is  prefaced  by  a  brief  account  of  the  oonditions 
under  which  the  seeds,  leaves,  or  twigs  were  preserved  as  fossils. 
A  map  showing  the  position  of  the  various  localities  would 
have  been  a  great  convenience.  It  would  have  served  a  useful 
purpose  if  the  author  had  given  a  more  detailed  description  of  the 
best  methods  of  collecting  and  preparing  the  fossil  fragments. 
A  collector  with  the  experience  of  Mr.  Reid  often  forgets  the 
ignorance  and  inexperience  of  the  layman,  who,  if  properly 
directed,  might  easily  become  an  enthusiast,  and  carry  out  excellent 
work  in  so  promising  a  field  as  that  of  Post-Tertiary  Botany.  In 
the  Stockholm  Museum  of  Palseobotauy  the  writer  has  had  the 
opportunity  of  seeing  several  specimens  of  Pleistocene  plants  care- 
fully prepared  by  Dr.  Qunnar  Andersson  by  a  method  of  which  a  full 
account  has  been  published  in  a  Swedish  journal,  and  displayed  in 
such  a  manner  as  to  make  the  most  of  the  material  from  the  point 
of  view  of  accurate  determination  and  attractive  exhibition.  lu 
a  department  confined  to  the  study  of  fossil  plants,  like  that  presided 
over  by  Prof.  Nathorst  in  Stockholm,  this  kind  of  work  is  more 
easily  carried  out  than  in  England,  where  palaeobotany  has  not 
reached  the  same  level  of  official  recognition. 

Chapter  vi  treats  of  the  former  distribution  of  British  plants,  bat 

with  the  exception  of  four  introductory  pages  the  information  is 

given  in  a  form  more  suitable  for  reference  than   for  continaous 

reading.     The  species  hitherto  recorded  from  Pleistocene  deposits  in 

JBritaiu  include  not  more  l\iati  on&-%vL\Xi  q1  Ui<d  present  flora.    This 
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fact  points  rather  to  the  need  of  further  investigations  such  as 
Clement  Beid  has  so  ably  conducted,  than  to  the  absence  of  so 
many  existing  species  from  the  Pleistocene  vegetation.  Only  six 
exotic  species  have  as  yet  been  discovered.  As  the  author  suggests, 
the  number  of  such  plants  in  the  Pleistocene  flora  was  no  doubt 
much  greater,  but  the  difficulty  of  obtaining  suitable  material  as  an 
aid  to  the  identification  of  seeds  seriously  hampers  the  recognition  of 
extra-British  species.  The  book  concludes  with  a  most  valuable 
list  of  the  plants  so  far  obtained  from  deposits  varying  in  age  from 
Pre-61acial  to  Roman,  and  it  is  comforting  to  find  that  the  botanist 
may  confidently  consult  the  list  as  one  which  is  very  largely  based 
on  the  determinations  of  a  highly  competent  specialist. 

On  first  turning  over  the  pages  of  Mr.  Keid's  volume,  the  reviewer 
was  glad  to  find  what  he  at  first  took  to  be  a  bibliography  of  works 
referred  to  in  the  text,  but  on  closer  inspection  he  discovered  that 
the  publishers  had  utilized  the  end  of  the  book  as  an  advertisement 
of  '*  Books  and  Pamphlets  on  British  Botany,  offered  for  sale  at 
net  prices."  A  list  of  papers  dealing  with  Post-Tertiary  Qeology 
and  Botany,  including  such  works  as  Warming's  excellent  memoir 
on  (Ecological  Botany  and  others  on  the  distribution  of  plants, 
would  have  been  a  useful  addition. 

As  already  pointed  out,  Mr.  Eeid's  book  bears  the  stamp  of 
careful  and  accurate  work  of  the  greatest  merit ;  but  one  feels 
a  little  disappointed  that  he  has  not  given  a  concluding  chapter 
summarizing  in  a  readable  form  the  evidence  at  present  available 
from  which  to  draw  conclusions  as  to  the  origin  of  the  British  Flora. 
Practical  hints  and  suggestions  as  to  the  most  promising  lines  of 
research  would  have  added  not  a  little  to  the  value  of  the  work 
as  an  incentive  to  geological  and  botanical  investigation.  One 
closes  the  book  with  a  wish  for  more,  and  while  congratulating  the 
author  on  his  sensible  resolve  to  be  as  concise  as  possible  and  to 
restrict  himself  to  sure  ground,  it  may  be  fairly  urged  that  a  second 
edition  would  benefit  by  greater  fulness  and  by  the  addition  of  one 
or  two  more  chapters. 

It  may  be  asked  to  what  extent  does  this  memoir  advance  our 
knowledge  as  to  the  origin  of  the  British  Flora?  The  title  of  the 
book  is  perhaps  somewhat  misleading:  the  facts  it  contains  may  be 
compared  with  documents  of  supreme  importance  in  the  construction 
of  a  complex  genealogical  tree ;  there  is  much  additional  evidence 
which  we  may  reasonably  hope  to  obtain,  but  much  also  that  we 
can  never  discover.  The  merit  of  this  welcome  contribution  to  our 
knowledge  is,  that  the  evidence  it  presents  is  of  the  highest  value^ 
because  it  is  thoroughly  trustworthy.  To  understand  the  gradual 
evolution  of  the  British  Flora  as  it  exists  to-day,  we  must  con- 
siderably extend  our  retrospect  beyond  the  period  from  which 
Mr.  Reid  begins  his  survey,  when  practically  all  the  plants  seem 
to  have  been  identical  with  existing  species.  Without  reflecting  on 
the  value  of  the  work,  it  may  be  truly  said  to  furnish  us  with  data, 
much  fuller  and  more  valuable  than  any  previously  available,  towards 
the  compilation  of  the  past  history  of  our  native  ^\^tvVa\  \^\k\.\M\\j^^ 
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tUe  e.Tid6iioe  oannpt  be  regpurded  m  moie  tium  tniBoieat  to  aQijbb  «( 
to  fonn  a  oleanr  ooaoepticm  of  iha  klert  atagM  in  iha  dav^lopnoift 
of  the  British  Ftoia.  A.  d  8. 


IIL— Thb  Outkba  and  Spm^m  ov  Blistoidsa,  with  a  Uat  of 
the  Speoimena  in  the  British  Mnsenm.  (Natural  EBstoiy).  Bty 
F.  A.  Bathba,  M.A..  F.QJ9.»  of  the  Geokgioal  Dapartmeiit 
pp.  x»  70.     (London :  printed  by  order  of  the  Trosteea,  1899*) 

DB.  WOODWABD  states  in  the  Prefope  th^  "thia  work  was 
originally  designed  to  foim  one  of  a  series  of  '•Uala  of  T^jpss 
and  Figured  Speoimeo%*  similar  to  that  issoed  last  year  for  tlpa 
Fossil  Cephalopoda,"  bnt  i^  this  oomparstively  small  gwv  it  wa^ 
found  possible  to  extemd  tha  work  into  a  list  of  the  Ganaca  and 
Speoies  of  Blastoidea,  with  an  aooonnt  of  tiie  Speoimena  in  tba 
British  Museum  (Natural  Histoiy)*  The  sQope  of  toe  woik  ia  wiU 
expressed  by  the  author  in  his  introduotion.  "  Firft,  it  attempts 
to  provide  a  oomplete  index  to  evezy  name  that  has  aver  bean 
applied  to  a  real  or  aupposed  Blastoid  genus  or  sj^eoies.  Seoondly. 
it  indioates  whioh  of  those  names  are  now  oonsidered  valid,  ana 
whioh  are  believed  to  be  synouyms,  giving  oross-referanpaa  ftom 
the  latter  to  the  fonner.  Thirdly,  it  oilea  the  literatiuf  l^i^iing 
upon  the  nomenclature  of  eaoh  species,  the  bibliographiiD  details 
being  placed  uoder  the  name  now  valid.  Foitfthly»  U  qatalc^goss 
all  the  specimens  of  Blastoidea  contained  in  the  Geological  Depart- 
ment of  the  British  Museum  (Natural  History)  at  the  time  of 
writing  (March,  1899).  Lastly,  it  designates  more  particularly 
those  among  them  that  are  of  historical  interest,  as  type-speoimens 
or  as  having  been  figured,  and  supplies  full  references  to  the 
literature  bearing  on  eaoh  individual  speoimen." 

According  to  the  author  the  British  Museum  collection  contains 
1,223  specimens,  representing  eighteen  out  of  the  twenty- two  genera 
assigned  to  the  Blastoidea ;  and  considering  the  number  of  types, 
figured  specimens,  and  specimens  of  historical  interest  in  the 
Museum,  we  think  the  author  is  fully  justified  in  stating  that  '*  there 
can  scarcely  be  any  collection  so  representative  of  the  class  as 
a  whole,  or  so  rich  in  specimens  of  the  highest  scientific  importance, 
as  is  that  of  the  British  Museum." 

The  preparation  of  such  a  work  entails  an  enormous  amount  of 
tedious  li4b()ur  and  research,  and  every  worker  in  this  group  will, 
we  are  sure,  be  most  grateful  to  Mr.  Bather  for  compiling,  aud  to  the 
Trustees  of  the  Museum  for  issuing,  such  a  useful  list 

IV.— BOLLBTTINO    DBLLA.    SOOIETA    SlSMOLOOIOA    ItALIANA,    Vol.    IV, 

1898. 

WITH  its  44  national  and  9  foreign  members,  aided  by  a  grant 
from  the  Government,  the  Italian  Seismological  Society  has 
carried  on  its  useful  work  for  a  fourth  year.  The  last  volume 
contains  28  papers. 

The  invention  and  improvement  of  recording  instruments  oontinue 
to  engage  the  attenllon  o^  WaXv^u  ^^vamolo^ts.    Dr.  Agamennona 
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gives  the  latest  modifications  of  his  eleotric  seismoscope,  and  apparatus 
for  the  same  purpose  are  desoribed  by  Dr.  Cancani  and  Mr.  Ouzzanti. 
Professor  Taochini  refers  to  some  old  instruments  in  the  possession 
of  the  Central  Offioe  of  Meteorology  and  Oeodynamics,  and  suggests 
that  they  might  form  the  nucleus  of  a  seismometrio  museum. 
Dr.  Cancani  discusses  the  different  methods  of  registration ;  dis- 
carding the  photographic  method  on  account  of  its  expense,  he 
prefers  mechanical  registration  by  a  fine  point  on  smoked  paper  to 
that  made  by  ink  flowing  from  a  balanced  pen. 

There  are  some  useful  investigations  of  recent  earthquakes. 
Dr.  Cancani  describes  the  Adriatico-Marches  earthquake  of  Sept.  21, 
1897.  Dr.  Agamennone  studies  the  pulsations  of  several  distant 
earthquakes,  namely,  the  Indian  earthquake  of  June  12,  1897,  the 
Turkestan  earthquakes  of  August  15  and  September  17,  1897,  and 
the  Haiti  earthquake  of  December  27,  1897  ;  the  two  papers  on  the 
Indian  earthquake  being  among  the  most  valuable  that  have  yet 
been  published  by  the  Society.  Dr.  Fapavasiliou  completes  his  list 
of  Greek  earthquakes  in  1897,  and  also  furnishes  the  catalogue  for 
1895 :  work  that  will  without  doubt  bear  fruit  in  due  season. 
A  supplement  of  255  pages  contains  the  admirable  records  of  Italian 
earthquakes  (July-December,  1897)  compiled  by  Dr.  Agamennone, 
the  chief  assistant  in  the  Central  Office,  and  recently  appointed  to 
the  important  post  of  Director  of  the  Geodynatnic  Observatory  of 
Bocca  di  Papa,  near  Bome. 

The  newest  branch  of  seismology  is  represented  by  two  papers, 
besides  those  referred  to  in  the  last  paragraph ;  one  by  Professor 
Grablovitz  on  the  form  of  the  slow  oscillations  in  earthquakes,  the 
other  by  Messrs.  Agamennone  and  Bonetti  on  the  different  methods 
of  determining  the  position  of  the  epicentre  in  distant  earthquakes  of 
unknown  origin. 

The  volcanic  phenomena  of  the  country  are  as  usual  the  subject 
of  careful  study.  Mr.  B.  Y.  Matteucci  writes  on  the  increase  in 
activity  presented  by  Vesuvius  during  the  months  of  April  and 
May,  1898.  Professor  Mercalli  continues  his  valuable  Vesuvian 
notices  (January,  1897  —  July,  1898),  and  Mr.  Aroidiacono  his 
equally  useful  accounts  of  the  principal  eruptive  phenomena  in 
Sicily  and  the  adjacent  islands  during  1898.  C.  Davison. 
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June  21,  1899.— W.  Whitaker,  B.A.,  F.B.S.,  President,  in  the 
Chair.     The  following  communications  were  read : — 

1.  ''On  a  Series  of  Agglomerates,  Ashes,  and  Tuffs  in  the 
Carboniferous  Limestone  Series  of  Congleton  Edge."  By  Walcot 
Gibson,  Esq.,  F.G.S.,  and  Dr.  Wheelton  Hind,  F.B.C.S.,  F.G.S. 
With  an  Appendix  on  the  Petrography  of  the  Igneous  Books  by 
H.  H.  Amold-Bemrose,  Esq.,  M.A.y  F.G.S. 
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After  referring  to  tbe  dieooTerj  of  volouiio  roda  in  the  iQpr 
part  of  the  Oarboniferons  Limestone  Seriee  eft  Tieeingtotty  tbe 
aothort  prooeed  to  deioribe  eTidenoe  of  Tolouiio  action  of  the  wauk 
age  on  the  wettem  slopee  of  Oongleton  Edge.  This  ridge  is  os|«sd 
by  two  beds  of  Millstone  Qrit  separated  bj  Uabk  shales.  Bsfaw 
the  lower  grit  (the  'Third  Ghrit')  is  a  narrow  dome  of  Kmesloiie 
lying  in  the  midst  of  so-osUed  '  Toredale  Shales '  and  exposed  in  as 
old  qaarxy.  The  npper  beds  of  the  Limestone  oonsist  of  thin  dudss 
and  limestones  containing  one  important  and  some  minor  seams  of 
tuff  and  agglomerate,  and  oertain  evidence  points  to  the  probability 
that  a  '  neok '  oocnrs  in  the  qnarry.  A  brook-section  n<nth  of  ths 
quarry  exposes  beds  of  ash  and  tuff  interstratified  with  shales  and 
limestones,  the  thicker  beds  being  presumably  equivalent  to  those 
seen  in  the  quarry.  A  brook-section  sonth  of  the  quany  displays 
the  beds  between  the  Limestone  and  the  '  Third  Gnt,*  and  a  smul 
quarry  yields  a  varied  marine  fauna. 

In  the  Appendix  it  is  stated  that  the  igneous  rook  of  the  qnany 
is  either  a  volcanic  agglomerate  filling  a  vent,  or  a  thiok  d^iosit  of 
very  hard,  coarse  ash,  probably  formed  not  far  from  a  vent.  Ashy 
material  in  the  Limestone  indicates  that  the  volcanio  aotioa  wm 
contemporaneous  with  the  deposition  of  the  Limestone.  Two  kinds 
of  lapilli  occur — one  palagonitic,  without  crystals,  and  a  asoood 
doleritic,  free  from  vesicles,  and  containing  felspar,  olivine^  and 
often  augite ;  the  latter  type,  though  common  in  the  agglomerate, 
is  rarer  in  tbe  bedded  tuffd.  The  fragments  are  frequently  altered 
into  oalcite. 

2.  '*  On  some  Ironstone  Fossil  Nodules  of  the  Lias."  By  E.  A. 
Wftlford,  Esq.,  F.G.S. 

In  the  Lias  of  Oxfordshire  some  ironstone-nodules  are  found  at 
the  point  of  contact  of  the  Middle  and  Upper  Lias.  "  The  Middle 
Lias  stone  is  compact,  crystalline,  and  absorbent,  and  contains 
numerous  irreci^ular  pyriform  bodies,"  some  of  which  '*  are  changed 
wholly  into  a  form  of  red  hsdmatite.  These  ....  bodies  hsve 
a  circular  vertical  canal  or  shaft  ....  with  the  polyp  and 
zooid-cells  ranged  round  in  obscure  spiral  growth.  The  cells  have 
the  areolated  structure  of  the  crinoids,  or  are  spiculate  of  the  type 
figured  by  Sars  in  Pennattda,  Though  in  form  approaching  the 
Cumacea,  the  presence  of  perforated  brachial  plates,  of  annulated 
segments,  and  of  spiculate  zooidal  cells,  places  the  group  between 
tho  Peimatida  and  the  Crinoids.  The  resistance  of  the  denser 
structure  of  the  beds  of  calcareous  stems  of  the  rag-be<l8  has  caused 
the  beds  above  and  below  them  to  become  the  lines  of  drainage,  and 
hence  [to  become  converted]  into  beds  of  greater  ferruginous 
concentration." 

3.  *'  Additional  Notes  on  the  Olaoial  Phenomena  of  Spitsbergen.*' 
By  E.  J.  Garwood,  Esq.,  M.A.,  F.G.S. 

This  paper  contains  the  results  of  additional  observations  on  the 
ice  of  Spitsbergen  made  by  the  writer  in  1897.  The  inland  ice 
visited  occupies  two  d\&lmo\.  ^xQea,  ae^arated  by  Dickson's  Bay  and 
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Wijde  Bay.  The  radiating-point  lies  somewhat  north-west  of  the 
centres  of  each  area,  with  supplementary  radiating-points  on  the 
north  and  east.  The  group  of  peaks  including  the  Three  Crowns 
may  be  regarded  as  nunatakkr.  The  valley-bound  ground-ioe  does 
not  necessarily  travel  in  the  same  direction  as  that  of  the  surface. 
Tlie  effect  of  nunatakkr  on  the  surface  of  the  ice-sheet  was  studied, 
and  from  this  it  was  often  found  possible  to  infer  the  existence  and 
position  of  buried  mountain-ridges.  On  the  stoss-seite  of  a  nunatak 
moraine- material  is  often  discharged.  The  movement  of  the  ice  has 
frequently  converted  the  ice-bridges  across  crevasses  into  arches  and 
tunnels,  some  of  which  carry  part  of  the  drainage  of  the  ice-sheet 

Portions  of  old  stranded  ground-moraines,  formed  when  the  ice 
was  more  extensive,  were  sometimes  fouud  to  have  fallen  upon  the 
lowered  ice-sheet  and  to  be  mingled  with  modern  moraine-material. 
Englacial  and  superficial  rivers  are  described,  and  one  of  the  latter 
was  found  to  be  depositing  gravelly  material  along  a  line  at  right 
angles  to  the  valley  down  which  the  ice  was  flowing. 

Certain  observations  on  the  rate  of  movement  of  the  ice-sheet 
seem  to  indicate  tliat  this  is  not  less  than  15  to  20  feet  in  24  hours ; 
wliile  the  glaciers  near  the  sea-margin  appear  to  be  travelling  about 
25  feet  in  the  same  time. 

The  action  of  sea-ice  is  described,  and  it  is  inferred  that  a  certain 
amount  of  rounding  and  scratching  of  shore-rocks,  and  possibly  part 
of  the  smoothing  of  boulders,  may  be  due  to  this  agent. 

4.  "Additional  Notes  on  the  Vertebrate  Fauna  of  the  Hock-Fissure 
at  Ighthain  (Kent)."     By  E.  T.  Newton,  Esq.,  F.R.S.,  F.G.S. 

Since  the  previous  paper  on  the  Ightham-fissure  fauna  published 
by  this  Society  about  five  years  ago,  numerous  additional  specimens 
have  been  obtained,  not  only  by  Mr.  Lewis  Abbott,  but  also  by 
Mr.  Frank  Comer  and  Mr.  Eennard. 

The  present  paper  gives  a  very  brief  account  of  the  new  forms 
which  have  been  discovered  and  identified  during  the  last  five  years, 
with  remarks  upon  some  important  additional  remains  of  Mustela 
robusta,  and  of  the  Spermophihia  which  is  now  referred  to  the  species 
erythrogenoides  of  Falconer.  This  paper  adds  some  19  new  forms  to 
the  fauna  of  the  Ightham  fissure. 

<*0*  The  next  Meeting  of  the  Society  will  be  held  on  Wednesday, 
November  8th,  1899. 


OOE.E.ES:P025rX)E35rOEI. 

ROCK-WEATHERIXG,    SERPENTINIZATIOX,   ETO. 

Sib, — Both  Mr.  Merrill  and  Mr.  Holland  deserve  the  thanks  of 
•geologists  for  their  suggestive  papers  on  certain  forms  of  rock 
change,  and  the  distinction  drawn  by  the  former  (p.  354,  Gbol.  Mag., 
August,  1899.)  between  ordinary  *  weathering '  and  more  deep-seated 
•changes  in  rooks  is  of  great  importance.  The  subject  is  one  which 
my  own  work   has  often  brought  before  me,  Wiow^,  ^&  ^>Qcl^x 


queelioHB  bad  prior  olaiiua,  I  have  never  been  able  to  iaveatigat^  it 
§yatema(ically.  And  it  is  one  beset  with  diffiaulties,  es^recUll; 
wben  we  are  dealing  nilb  rather  old  roaks,  not  the  least  beiog  tb&t 
of  determiniDg  when  the  alteralioa  for  whioh  we  have  to  accooiiC, 
boa  takeu  place.  But  1  have  always  tried,  bo  far  as  waa  poMible, 
to  call  atteation  to  a.ny  niinerai  ohanges  which  seemed  distinctive. 
and  have  sometimes  ventured  to  eu^^gsBt  a  caiise  for  tbem.  Tha 
subject  would  well  repay  any  young  geologist  with  sufficient  leisure, 
and  on  this  aooount,  with  the  same  motive  as  Mr.  Merrill,  I  will 
Tcntitre  to  offer  a  few  i-emarka  suggested  by  his  paper.  Aa  regani* 
'  serpentiniaation '  I  have  oonie  to  (be  same  couclueion  as  himselE, 
viz.,  that  the  change  is  deep-sented  rather  than  super&oial,  and  that 
the  same  is  true  of  certain  other  hydrous  minerals,  though  it  may 
not  huld  with  some  at  least  of  the  zeolites-  But  the  auonialie» 
which  minuriil  change  presents  are  apparently  considerable.  i» 
an  example  we  may  select  the  oonvei'siou  of  augite  into  hornhlends. 
Sometimes  a  crj'stnll ine  griiia  of  the  former  mineral  may  pass  into 
one  of  the  latter  by  a  change  seemingly  no  more  than  paramorphio; 
sometimes  it  may  break  up  into  a  group  of  smaller  grains,  not 
retaining  exactly  the  original  outline.  Sometimes,  carrying  llui 
further,  it  may  farm  one  or  more  elongated  crystals  (this,  as  I  haw 
pointed  out,  seems  ounnected  with  pressure) ;  and  sometimes  it  may 
he  converted  into  a  mora  or  less  fibrous  and  matted  mass,  in  vrhicJi 
case  not  seldom  some  chemical  alteration  seems  lo  have  taken  plaot. 
Agdin,  fts  nnutlier  anomnly,  some  lij;lit-colouieil  Huj;ites  seem  very 
■table,  aa  in  certain  piorites  and  granites ;  while  others,  aa  in  m» 
hemithrenes,  change  rather  readily  into  serpentine.  But  in  a  mica- 
trap  the  augite,  probably  also  not  rich  in  iron,  seems  to  be  very 
unstable,  not,  however,  altering  to  hornblende.  In  one  dolerite  tin 
augite  seems  to  ohange  more  readily  than  the  felspar,  in  another 
the  reverse.  Felspar  souetimes  changes  into  quartz  and  while 
mica,  sometimes  undergoes  other  alterations.  Here,  as  in  some 
Other  cases,  much  probably  depends  upon  whether  the  water  present 
is  'stagnant'  or  in  motion.  It  would  he  easy  to  oontiane  the  list, 
but  this  may  suffice  to  give  some  idea  of  the  problema  presented, 
and  when  ihey  have  been  solved  we  may  proceed  to  those  presented 
by  the  devitrification  of  glassy  igneous  rocks.  Suffice  it  to  say  that 
the  changes  in  a  mineral  seem  to  be  the  outoome  of  two  aepuate 
causes ;  one,  its  chemical  composition  ;  the  other,  its  enYironment, 
the  principal  factors  in  the  latter  being  water,  pressure,  and  heat. 
The  best  way  of  attacking  the  problems  will  be  by  first  studying 
the  simpler  cases,  viz.,  those  in  w,hiob  we  can  be  reasonably  oertun 
that  one  faolor  in  the  environment  has  so  far  dominated  over 'the 
others,  that  they  may  be  neglected  ;  and  then  proceeding  to  the  more 
complicated  cases.  Of  thial  think  we  may  be  certain,  that  in  natun, 
with  the  same  matsriola,  similar  causes  pioduoe  identical  reaultSr 
Mid  dissimilar  oaoses  ih»  ooDtrary. 

T.  G. 
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I.— Eminent   Living    Geologists:    Henry   H.    Howkll,    F.G.S., 
formerly  Director  of  tbe  Geological  Survey  of  Great  Britain. 

(WITH  A  PORTRAIT,  PLATE  XXI.) 

AFTER  a  term  of  work  extending  over  nearly  half  a  century, 
Mr.  Howell,  the  Director  of  the  Geological  Survey  of  Great 
liritain,  has  retired  from  the  public  service. 

It  is  not  often  that  a  man  who  has  only  just  reached  the 
age-limit  of  65  is  able  to  look  back  on  such  a  lengthened  period 
of  official  work.  No  member  of  the  Geological  Survey  has  before 
attained  such  a  record.  Even  Mr.  Selwyn,  whose  portrait  we  gnve 
in  our  February  Number,  ha<l  reached  the  age  of  70  when  he  had 
nearly  completed  his  fiftieth  year  of  work  on  the  Geological  Surveys 
of  Great  Britain,  Victoria,  and  Canada. 

Henry  Hyatt  Howell  was  born  on  the  13th  July,  1834,  at 
Prinknash  Park,  Glouoestercihire.  He  was  the  fifth  son  of  Thomas 
Jones  Howell,  Esq.,  sometime  Judge  Advocate  at  Gibraltar,  and 
Editor  of  the  "State  Trials."  He  was  educated  partly  at  the 
College  School,  Gloucester,  and  afterwards  in  the  **  Applied  Science" 
Department  at  King's  College,  London,  where  at  the  time  David 
Thomas  Ansted,  M.A.,  Fellow  of  Jesus  College,  Cambridge,  was 
Professor  of  Geology. 

In  the  spring-time  of  1850,  with  an  introduction  from  Colonel 
James,  R.E.  (afterwards  Sir  Henry  James,  and  Director- General  of 
the  Ordnance  Survey),  he  was  attached  (unpaid)  to  the  surveying 
division  of  the  Sappers  and  Miners  then  engaged  at  Wakefield,  iu 
Yorkshire,  Captain  Tucker,  R.E.,  being  in  cliarge  of  that  district. 
This  survey  was  for  the  completion  of  the  Onlnance  Maps  of  the 
Six  Northern  Counties  of  England  on  the  six-inch  scale. 

In  the  summer  of  the  same  year,  with  Lieutenant  Cameron,  Tt.E. 
(aft<»rwards  Director-General  of  the  Ordnance  Survey),  he  was 
attached  to  the  surveying  division  then  engaged  in  measuring  the 
base  line  on  Salisbury  Plain  with  compensation  bars. 

Later  on,  in  September  of  the  same  year,  with  a  letter  of  intro- 
duction from  Colonel  James,  he  was  permitted  to  join  Prof.  Ramsay ^ 
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Ilieri  linohl  Director  nt  the  Geolcif^ical  Survey  of  Groat  [tritsin.  ill 
LliMiberis,  in  North  Walei,  in  urJer  to  gain  aoiac  practiuitl  kugwlei]^ 
ut' f;<^ologicaI  surveying. 

Tlius  when  littlu  mora  thnii  eixt^en  years  of  n^  lie  coiu[nenc*il 
Ilia  active  sliidy  of  g^olugy,  ami  it  was  re|nn'ttJil  by  Ramsay  on 
Sf|ilciuljer  llili,  165U,  that  at  Cnrnetld  Dafydi)  he  "  .liil  a  gloriotu 
dsy's  work  with  How^li  op  to  Aber,  gelliiiK  "'I  Jukea'a  ugly  hilt 
ol  eandatone,  etc.  perfectly  i-x|>Uiiied — a  BucorsKiou  of  dome*  out 
off  by  faulla.  Home  at  balf-paat  aeven— a  lung,  long  walk."' 
A  littlo  later  on  young  Howell  tpoiit  a  eliort  time  wilb  Beets  JukM 
on  Mie  BMine  Survey  at  Llangollen. 

Oil  the  7lh  October  Uowell  wan  appointed  an  Anaistant-Geologitt 
"upon  the  Dsual  ooiirae  in  our  service  of  a  nix  iiionlha  trial."  Bf, 
however,  gave  so  niiiob  KatisfocLion  in  the  fieiil  while  with  Profewii- 
Kiiniiiiy  and  Mr.  Ceete  Jukea,  ihnt  the  time  of  prol>alion  wu^ 
shortened  to  three  months,  anr]  the  appointment  wat  oonfirmod  iSi 
a  letter  dated  lat  January,  ISSl.  This  waa  wiitiea  by  i^ir  Hentj' 
Ue  )a  Beche,  who  wub  then  Direolor-GenerHl.  so  thiit  the  latt  link 
which  connected  the  present  staff  with  the  il  1  lint lio lie  founder  of  tlia- 
Geological  Survey  is  now  officially  nevered. 

Aveliiie,  Brietow,  Selwyn.  Edward  Forbes,  Salter,  and  Smy'll 
were  then  on  the  staff.  Hull  had  also  but  recenily  joined.  During. 
biK  three  luonthe  of  probation  Uowell  was  placed  at  Rngoley  with 
Ueete  JuliCB,  who  waa  then  enfTHjjed  in  m'ippiiig  the  norlhern  part 
or  the  Suiilh  Sir.ffiii-.Khir-.  Ciir.lli-ld.  K-,  uuiv  ^x..-.>lK-nl  a  gni.la 
cotild  he  have  had  than  Jukes,  whose  wide  experience,  abili^,  ud 
Bonnd  judgment  made  him  an  excellent  teacher,  and  whose  field. 
work  has  been  a  model  to  all  enbsequent  obsetverx.  It  was  alto  *t 
this  time  that  Howell  was  inelructed  to  complete  the  survey  of  tbs 
one-inch  qnarter-sheet  72  S.G.,  which  inoludeil  the  oiitliere  of  'Liu' 
(now  known  to  he  the  Khsetic  Beds)  on  Needwood  Forest 

For  several  years  Mr.  Howell  was  occupied  in  the  aurvey  of  lit 
Midland  Counties  in  the  neighbourhood  of  Lichfield,  Tamwonb, 
Alheretone,  Nuneaton,  Coventry,  Birmingham,  and  Droitwiuh.  H« 
also  mapped  parts  of  North  Gloucestershire,  his  notes  being  pub- 
lished in  tlie  Geological  Survey  memoir  on  "The  Geology  of  ths 
Country  around  Cheltenhani"  (1857^  by  E.  Uiill,  who  stales  thst 
''  The  districts  adjoining  the  Severn  and  Avon,  together  with  Bredon 
Hill  and  the  northern  part  of  the  Cotteswold  Range  as  far  south  ss 
the  road  between  Boiirton-on-lhe-Hill  and  SnowshiU.  have  beru 
surveyed  and  described  in  this  memoir  by  Mr.  Howell." 

Probably  the  must  important  work  done  at  this  period  (between 
1851  and  18o4}  was  the  survey  on  tbe  one-inch  scale  of  tb« 
Coalfield  of  Warwickshire.  Howell's  memoir  on  "The  Geology 
of  the  Warwickshire  Coalfield  and  tbe  Permian  and  Trias  of  Hi* 
surrounding  district"  wiis  published  in  1859,  and  this  gives  a  conoiM 
and  excellent  account  of  the  Coal-measures  and  overlying  slrat*. 
Some  changes  have  since  been  made  in  the  grouping  of  the  older 

'  GeVlue'i'VleinQYi  ofBaxiua^,  f.  167. 
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Toclcs,  the  Hart8lii11  quartzite  having  at  the  time  been  regarded  as 
Millstone  Grit.  ThiH  view  was  not  arrived  at  without  considerable 
discussion.  The  rook  had  originally  been  compared  with  that  of 
the  Bromsgrove  Lickey,  and  both  the  late  Professor  Jukes  and 
Mr.  Howell  were  in  favour  of  retaining  the  beds  in  the  then  very 
comprehensive  "  Silurian  series,"  ^  but  Sir  A.  Ramsay  (at  that  time 
Local  Director)  was  of  opinion  that  the  quartzite  and  overlying 
shales  should  be  included  with  the  Carboniferous.  The  subsequent 
researches  of  Professor  Lapworth  and  Mr.  W.  J.  Harrison  (1882) 
have  shown  that  the  quartzite  is  of  Cambrian  age,'  thus  generally 
confirming  the  view  of  Jukes  and  Howell  of  the  antiquity  of  the 
quartzite. 

Apart  from  the  interesting  but  often  arduous  work  of  mapping 
there  was  much  other  work  to  be  done :  the  districts  surveyed  by 
Mr.  Howell  were  illustrated  by  many  sheets  of  vertical  sections,  and 
also  of  *  horizontal '  or  longitudinal  sections  drawn  to  a  natural 
scale  of  six  inches  to  a  mile.  The  task  of  producing  these  longi- 
tudinal sections  was  in  old  days  a  tedious  and  troublesome  one, 
requiring  great  care  and  skill.  Nowadays  with  the  contoured  six- 
inch  maps  the  surveyor  can  readily  plot  his  sections  in  the  office. 
Then  he  had  to  traverse  the  ground  with  theodolite  and  chain,  and 
to  conduct  his  operations  with  the  aid  of  a  couple  of  men. 

In  many  instances  the  horizontal  sections  were  accompanied  by 
abort  descriptive  pamphlets  (price  2i.),  and  in  these  (e.g.,  Explana- 
tions of  Sheets  46,  48,  50,  61,  and  57— all  published  in  1859)  we 
find  many  notes  on  the  strata  examined  and  mapped  by  Mr.  Howell. 
He  was  also  joint  author  with  Mr.  Aveline  of  a  short  memoir  on 
**  The  Geology  of  part  of  Leicestershire  "  (1860). 

In  the  autumn  of  1854  the  Geological  Survey  of  Scotland  was 
commenced  by  Bamsay  in  the  neighbourhood  of  Dunbar.  His 
Directorial  duties,  however,  prevented  him  from  accomplishing  very 
much  field-work,  and  in  consequence  Mr.  Howell  was  transferred  to 
Scotland,  and  commenced  work  there  in  1855.  In  course  of  time  he 
surveyed  large  areas  in  the  counties  of  Berwick,  Haddington,  and 
Edinburgh,  his  chief  work  being  the  mapping  of  the  Mid  and  East 
Lothian  and  Fifeshire  Coalfields. 

In  the  same  year  (1855)  Mr.  Howell  was  joined  by  Mr.  (now  Sir) 
Archibald  Geikie  (the  present  Director- General),  who,  **  after-some 
months  of  field-work  with  Mr.  Howell  in  continuing  the  Director's 
mapping  in  East  Lothian,  began  the  survey  of  Midlothian  in  1856."' 
A  joint  work  on  **  The  Geology  of  the  Neighbourhood  of  Edinburgh," 
by  H.  H.  Howell  and  Archibald  Geikie,  was  published  in  1861. 
The  descriptions  of  the  Midlothian  Coalfield  and  chapters  on  the 
Millstone  Grit  and  Coal-measures  were  written  by  Mr.  Howell. 
Meanwhile,  in  1857,  Mr.  Howell  had  been  promoted  to  the  rank  of 
Geologist.     Later  on  (in  1861)  John  Young,  M.D.  (now  Professor 

*  See  Strahan,  Geol.  Mao.,  1886,  p.  541. 

*  I^flpworth,  ibid.,  18H2,  p.  564. 

'  Geikie' 8  Memoir  of  Kamsay,  p.  141. 
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of  Natural  Tlistory  in  the  University  of  Glasgow)  joiii&I  Ihe  stnfF, 
Biir)  he  Hided  the  fieU-wm-k  in  ScotUnd.  In  18G6  the  ni.-iii.iir  on 
"The  Geology  of  East  Lotliiaa."  by  H.  H.  Howell.  A.  G^ikie 
John  Young,  waa  ieeaeil.  Severnl  maps  on  the  flix-inoh  scale  oC  ttw 
conlfieldH  of  Eillnbiirgh  and  Haddiugtou  were  also  puhlislied. 

Tlie  mnin  ^ologieal  result  of  the  work  in  tliese  Carbon iferoni 
re^ODB  of  Scotland  waa  tlie  reoognilion  for  tlie  first  time  that  tlw 
"  Roslin  SumlBtone"  wan  the  repreaentative  of  the  MilUtone  Grit, 
and  occupied  tlie  Bume  jmaition  as  doee  that  fiinuation 
Carboniferaus  Serit>a  of  England  and  Waleo.  Mort^over, 
ascertained  that  the  true  Ooal-meaanree,  with  many  workable  seami 
of  ooal,  occurred,  as  in  the  Northumberland  and  Uurham  Ooalfielil. 
at  a  higher  horizon  than  the  Millstone  GriL  The  same  group  of 
rooks  as  had  b«en  found  in  Bast  and  Mid  Lothia 
extend  across  the  Firlh  of  Forth  into  Fifeshire. 

In  18C1  Mr.  Howell  was  transferred  again  lo  England,  and  foi 
the  next  four  yeurs  he  was  oouupind  in  mapping  (on  the  ooe-inob 
HoAle)  large  areas  of  Jurassic  rooks,  ohielly  in  the  counties  of 
Northampton,  Bedford,  and  Huntingdon. 

The  ooutinuation  of  this  work  inh>  Rutlandshire  and  Roiilll 
Lincolnshire  was  in  aftor  years  carried  on  by  Profeesor  Judd, 
who,  together  with  the  late  Samuel  Sharp,  ascertained  that  iba 
Lincolnshire  Limestone,  which  bad  been  regarded  as  Gr«at  OoliM^ 
was  of  the  age  of  llie  Inferior  Oidite.  On  h  memorable  occasion 
in  1869  the  revised  interpretalion  of  the  geology  was  ooosidared  \!J 
the  Director,  Ramsay,  who  visited  parta  of  Northamptoiuhire  with 
Howell,  Judd,  Sliarp,  and  Etheridge. 

Ramsay,  after  reviewing  the  evidence,  turned,  in  his  quick  im- 
patient way,  to  Howell  to  ask  why  he  had  regarded  the  Limestone 
an  Great  Oolite?  To  which  Howell  replied  by  quietly  pulling 
from  Ills  breast- pocket  a  list  of  the  fossils  which  be  had  collected, 
and  which  had  been  named  and  referred,  in  the  PalEeontologictl 
OlBce,  to  the  Greut  Onlite. 

In  1866  Mr.  Howell  was  instructed  to  commence  the  geological 
survey  of  tbe  Norlhumberland  and  Durham  Coalfield. 

In  the  following  year,  when  large  additions  were  made  to  tbe 
staff  of  the  Survey,  Mr.  Howell  took  the  superintendence  of 
n  iiunilier  of  the  men  who  were  engaged  in  the  Survey  of  the 
North-EaKtern  Counties.  At  this  time  the  late  Prof.  A.  H.  Oreen 
took  immediate  cliarge  of  the  Yorkshire  Coalfield,  while  in  conrae 
of  time  Mr.  Howell  directed  the  whole  of  the  work  in  North 
Lincolnshire,  East  Yorkshire,  Durham,  and  Northumberland.  In 
1K69  he  was  called  upon  to  give  evidence  on  the  Northumberland 
and  Durham  Coalfield  before  the  Koyal  Cum  mission  era  appointed 
to  enquire  into  the  Heveral  matters  relating  to  Coal  in  the  United 
Kingdom.'  In  1U72  lie  was  pri>moted  to  be  District  Surveyor,  the 
duties  of  which  office  he  had  in  fact  for  a  long  time  been  discharging. 

'  S«e  Eeport,  vol,  ii  (1B71],  p.  603, 
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For  about  sixteen  years  Mr.  Howell  was  thus  busily  oooupied,  partly 
in  carrying  on  field-work  himself,  more  largely  iu  superintending 
the  work  of  the  sta£f  placed  under  him.  With  a  number  of  men  of 
varied  ability,  energy,  and  enthusiasm,  it  is  a  well-nigh  impossible 
task  to  carry  on  the  field-work  in  a  strictly  uniform  manner.  The 
methodical  habits  and  the  stern  sense  of  duty  inculcated  by  Mr.  Howell 
proved,  however,  of  inestimable  value  in  the  conduct  of  the  Survey, 
and  it  may  be  candidly  admitted  that  no  large  tract  of  ground  had 
before  been  so  systematically  surveyed  and  inspected  on  the  Geological 
Survey.  As  a  field-geologist  and  administrator  no  man  oame  to  be 
more  highly  esteemed  by  the  members  of  the  Survey  who  had 
worked  under  him. 

On  the  retirement  of  JElamsay  in  1882,  and  when  the  present 
Director-General  was  appointed  in  his  stead,  Mr.  Howell  was  made 
Director  for  Scotland.  About  this  time  several  of  the  more  ex- 
perienced surveyors,  who  had  worked  under  Mr.  Howell  in  the 
North  of  England,  were  transferred  to  Scotland.  A  great  change 
in  the  methods  of  mapping  was  then  introduced — changes  which 
have  borne  excellent  fruit  in  the  detailed  surveys  which  have  since 
been  carried  out  in  the  highlands  of  Scotland. 

When  the  late  H.  W.  Bristow  retired  in  1888,  Mr.  Howell  was 
appointed  Director  for  Great  Britain,  although  his  special  sphere  of 
action  did  not  extend  beyond  the  northern  counties  of  England,  the 
detailed  supervision  of  the  men  in  the  midland  and  southern  parts 
of  England  and  Wales  being  relegated  to  senior  geologists.  During 
these  later  years  the  mapping  of  the  Isle  of  Man  was  commenced 
and  completed  under  the  superintendence  of  Mr.  Howell. 

Mr.  Howell  has  added  little  to  the  general  literature  of  geology. 
We  have  referred  to  his  official  labours  in  maps  and  sections,  in 
memoirs  and  explanatory  pamphlets,  but  we  have  no  extended  liut 
to  add  of  papers  communicated  to  scientific  societies  and  magazines. 
We  may,  indeed,  mention  one  paper  published  in  this  Magazine  (for 
1890,  pp.  8-13)  entitled  **Note  on  the  Classification  of  the  Red 
Hocks  in  South-East  Durham  ;  and  on  a  possible  unconformity 
between  the  Trias  and  the  Permian  Limestone  in  the  same  District." 

The  fact  is  that  Mr.  Howell  has  given  his  life  to  official  work,  iu 
later  years  almost  wholly  to  those  administrative  duties  wljich  bring 
but  little  praise  or  reward  to  the  individual,  except  so  far  as  his 
guiding  hand  and  advice  are  seen  in  the  good  work  accomplished  by 
others.  His  life  has  been  one  of  disinterested  devotion  to  the 
welfare  of  the  public  service,  and  of  the  men  who  have  had  the 
privilege  of  working  under  his  direction.  We  cordially  wish  him 
all  happiness  in  the  days  of  his  retirement. 


"     Geol.  Mac. 
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11. — The  Oraptoliti-brarino  Rooks  of  Victoria,  Australia. 

By  T.  S.  Hall,  M.A.,  Melbourne  Uniyeraitj. 

(PLATE  XXII.) 

Intboduotion. 

rpHE  area  occupied  by  Lower  PalaBozoic  rooks  in  Victoria  is  nn 
L  extensive  one,  and  is  pretty  equally  divided  between  Ordoviciau 
and  Silurian,  the  part  occupied  by  Cambrian  being  small.  Accordinj^ 
to  Dr.  A.  R,  C.  Selwyn,  formerly  Director  of  the  Geological  Survey 
of  the  Colony,  the  total  area  amounts  to  somewhere  about  30,000 
square  miles  in  extent,^  and  although  in  this  estimate  be  inclu«1ed 
all  areas  occupied  by  these  rocks  provided  the  cover  was  not  more 
than  350  feet  in  thickness,  it  will  still  leave  us  with  a  large  extent 
of  country  over  which  graptolites  may  be  found. 

The  earliest  record  of  the  occurrence  of  theHe  fosnils  in  Victoria  is 
on  a  map  of  Selwyn's  published  in  1856.  where  it  is  stated  in  a  note 
that  graptolites  were  found  for  the  first  time  in  Australia  by  C.  D.  II. 
Aplin  in  May,  1856,  at  a  locality  indicated  on  the  Saltwater  River 
near  Keilor,  about  ten  miles  north-west  of  Melbourne.  No  identi- 
.  fications  have  ever  been  made  from  these  beds,  which  yield  a  few 
speoies  of  Monograptidas  in  a  poor  state  of  preservation. 

Very  shortly  after  this  graptolites  were  found  in  the  Lower 
Ordovician  rocks  of  Ben<ligo.  In  an  essay  contributed  to  the 
Catalogue  of  the  Victorian  Exhibition  of  1861,  Professor  McCoy 
recorded  from  various  localities  several  species  which  included 
Diplograptidae,  DichograptidaB,  and  Dicranograptidss,  as  well  as 
Monograptua  ludtnsis,  which  showed  that  even  thus  early  almost 
the  whole  range  of  graptolite-bearing  rocks  had  been  examined. 

In  a  similar  essay  by  the  same  author  published  in  1867,  a  few 
additional  forms  were  noted. 

The  first  decade  of  Sir  F.  McCoy's  "  Prodromus  of  the  PalsBontolo^ijy 
of  Victoria"  appeared  in  1874,  and  contains  the  earliest  figures  and 
descriptions  by  which  we  can  judge  of  the  accuracy  of  his  previously 
published  determinations.  The  plates  seem  to  have  been  printt^d 
oflf  several  years  previously,  for  Professor  James  Hall,  in  his 
**  Graptolites  of  the  Quebec  Group,"  says  that  he  received  a  plate 
from  Professor  McCoy  in  1861,  and  which  from  his  remarks  would 
appear  to  be  one  which  was  not  published  till  1875.  Two  years 
later,  in  bis  fifth  decade,  Professor  McCoy  issued  figures  and  descrip- 
tions of  a  few  more  of  these  fossils.  In  1874  Mr.  K.  Ether idge,  jun., 
published  figures  and  descriptions  of  several  forms  which  he 
identified  with  known  species,  the  date  of  his  paper  in  the  Annnls 
of  Natural  History  and  of  McCoy's  first  decade  being  almost 
simultaneous. 

With  regard  to  the  determinations  contained  in  these  and  other 
early  papers,  it  may  be  stated  generally  that,  as  was  the  case  of 

'  Intercolonial  Exhibition  Essays,  1866-7  :    "  Notes  on  the  Physical  Geography, 
Geology,  and  Mineralogy  of  Victoria,"  p.  13. 
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mniiy  of  lliose  of  Drilaia  befure  ProFeRsor  Lspwortli  itnilertonk  liii 
worii  of  revision,  tbcj  are  in  ver^  many  ohbbb  uiir<-ltii1jl^.  Tho 
causes  ihnt  leii  lo  this  in  ihe  Britieb  reciinU  bivo  been  oli 
eniinuifttoil  by  Proressor  Lapworlh,  ami  tlimij;li  it  mnat  al' 
appear  ungracious  to  rejecit  any  of  tlie  work  of  the  jiioneeni  of 
Australiftn  palsBonti>b>gy,  to  whom  we  owe  en  roncli,  jet  Ihe  groiiii'l 
nmst  be  cleHred  before  a  stnlile  atniclure  onn  be  raised.  Tin 
iuinut«  iliBeri-uoe'i  on  wbicb  it  bns  been  found  ailvisaMe  to  eejiarati 
the  Npecit'B  in  this  difficult  group  were  not  lb«n  gpnernlly  reoognizt^, 
and  we  find  many  of  nnr  grnploliteH  identified  wirb  formti  from 
wbiob  we  now  regard  tlieni  as  even,  it  may  be,  gpnericftlly  dinlinot.' 
In  the  case  of  tbi'ae  forma  wiiere  tbe  method  of  branobing  and  lliv 
babit  is  a  guide  there  *vhb,  of  course,  less  liability  to  '  ' 
here  the  spi^ifio  identiRcations  are  of  value,  but  it  is  ^itri-m^ly 
doubtfal,  on  tbe  other  hand,  whether  any  of  tbe  Diplograpiidg 
have  been  oorreytly  determined,  and  a  great  number  of  those  fonin 
refoiTed  to  Diilymogr apian  (tentu  slricto)  are  probably  jnoorreull/ 
identified.  One  feature,  however,  must  nut  bo  overlo<jkeil,  and  ihi*^ 
!h  that  the  recordR  have  in  many  canes  been  ntaile  frum  exnot 
localities  1  and  ibis  in  the  chkb  of  Sir  F.  MoCoy'a  papers, 
t<i  bis  ofiioinl  aonneclioD  with  the  Survey,  ia  of  peculiar  v 
the  precipe  position  from  which  the  foBsils  came  is  recorded  l>olli 
by  him  and  on  tlie  gci^Iogical  maps,  and  we  are  Ihua  Avqiientlj 
eitabiod  tv  tihe^k  tha  reoanlu  in  a  very  effiMtive  wsiy.  ' 

During  the  past  seven  years  I  have  published  several  papers  on 
the  group  as  represented  in  Victoria,  and  two  have  also  appeared 
by  Mr.  G.  B.  Prilcbard.  mo»t  of  them  having  been  printed  in  the 
Proceedings  of  tbe  H.ijal  Society  of  Victoria. 

In  a  pnper  dealing  with  ihe  ooourrenee  of  Lower  Silurian  (i.e. 
Ordovidan)  graptolites  in  New  South  Wales,  Mr.  W.  8.  Dun '  gives 
a  liat  of  the  more  important  Australian  literature  referring  to 
tbe  group. 

Skqubnob. 

Tbe  general  sequence  of  llie  Victorian  graptolites  may  be  correlated 
with  that  of  the  Northern  Hemisphere,  but  eijierience  has  shown  that 
it  is  unsafe  to  pUKh  tlie  analogy  too  far.  and  that  the  only  safe  method 
i«  that  of  detailed  al  rati  graphical  work.  Thus  we  find  forma  hero 
associated  which  eiNewbere  are  aeparated  by  intervening  zones ;  and, 
(ui  the  other  hand,  forms  elsewhere  asbocialed  may  be  here  aeparat^^l. 
A  form  wbioh  I  have  named  Leptograptiii  nndqnus.'  and  which, 
though  not  perhaps  a  typical  member  of  Ibe  geiins,  is  certainly 
not  a  Didi/mngmptiia,  occurs  on  the  same  slabn  as  a  Bryograpln*. 
JHdijmograptui  hifidut,  again,  which  in  Europe  and  Aiuerica  is 
clmraateristic  of  Upper  Areuig,  dies  out  in  Australia  long  bi>fara 
PkyllogrtipiNt  tgpiia  has  disappeared,  and  is  also  survived  by  a  ClanO' 
griiplHt  and  two  or  three  species  of  Diekograptut.  At  Lancefield, 
where  our  lowest  Onlovician  rocks  occur,  Clonograplut  JUxilia  &ud 

'   Records  of  the  Gwlosricnl  Survey  of  New 
'  l'ro«.  Key.  Soo.  Nkiotia,  nu'«  »«.,iq\. 
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C,  rigidus  are  found  in  association  with  BryograptuB,  while  in 
Europe  and  America  Bryograptua  is  a  Cambrian  form,  and  indicates 
an  age  to  which  its  Victorian  associates  forbid  ns  to  refer  it  here. 
In  the  Northern  Hemisphere,  again,  Clonograptus  flexilia  is  associated 
with  forms  which  characterize  the  next  higher  horizon  with  us. 
The  case  of  C.  rigidus  is  also  striking,  for  though  in  America  it  is, 
according  to  Ami,^  associated  with  Loganograptus,  yet  with  us  the 
latter  gf>nus  does  not  appear  till  Phyllograptns  typus  and  closely 
allied  species  have  become  extinct  These  are  all  striking  forms,  and 
although  it  is  of  course  not  impossible  that  mistakes  in  identification 
have  been  made,  yet  figures  and  descriptions  of  Australian  forms 
referreil  to  these  species  have  been  puhliMhed  by  McCoy  and  myself, 
with  the  exception  of  the  members  of  the  tuning-fork  graptolites. 

The  stratigraphical  evidence  on  which  these  statements  are  founded 
does  not  rest  on  merely  a  single  set  of  outcrops,  for,  with  the 
exception  of  the  Lancefield  beds,  the  field  relations  of  which  have 
DOt  yet  been  worked  out,  as  the  conditions  are  unfavourable,  thuir 
relative  position  has  been  studied  in  two  or  three  places. 

To  prove  a  negative  is,  of  course,  not  an  easy  task,  and  it  m^y  he 
objected  that  the  non -association  of  some  of  the  forms  I  have  quoted 
18  only  due  to  imperfect  collecting.  For  instance,  I  have  placed  the 
Castlemaine  rocks  as  a  whole  above  those  of  Bendigo,  and  both 
above  those  of  Lancefield,  and  have  never  seen  Clonograptns  fle^ilis 
anywhere  but  at  Lancefield,  where  C.  rigtdtia  occurs  as  well. 
A  species  related  to  the  latter,  which,  however,  I  believe  to  be  distinct, 
ranges  up  into  the  lower  Castlemaine  zones,  but  never  as  high  as 
beds  which  contain  Loganograptus  Logam.  This  statement  is  founded 
on  several  years'  collecting  in  fairly  rich  beds  at  Castlemaine  and 
Bendigo,  as  well  as  on  the  examination  of  several  collections  made 
at  the  latter  place  by  others,  so  that  the  evidence  in  favour  of  the 
facts  being  as  I  believe  them  to  be  is  strong. 

The  numerous  localities  at  which  graptolites  occur  in  Victoria  and 
the  vast  area  over  which  they  are  spread  render  the  hope  of  any- 
thing like  a  complete  account  of  them  for  some  time  to  come  quite 
out  of  the  question,  and  all  that  can  be  done  at  present  is  to  give 
a  brief  outline  of  what  hns  been  done  towards  elucidating  their 
sequence.  There  is  not  at  present  suflicient  evidence  available  to  do 
more  with  the  Ordovician  rocks  as  a  whole  than  to  divide  them  into 
Upper  and  Lower,  the  upper  division  being  characterized  by  the 
presence  of  DicranograptidsB. 

The  most  thorough  collecting  that  has  been  done  is  in  the  older 
beds  of  the  Lower  Ordovician,  and  even  here  large  areas  are  almost 
untouched.  The  younger  beds  of  the  series  have  not  as  yet  yielded 
many  forms  in  a  sufficiently  well-preserved  condition  for  description, 
while  those  from  tlie  Upper  Ordovician  occur  at  widely  scattered 
localities,  and  the  collections  made  are  small  and  poor.  Still  worse 
is  the  case  of  the  Silurian  forms,  for  they  come  from  some  half-a-dozon 
localities  and  afiford  little  more  than  a  record  of  Monograptiis  and 
BetioliUa, 

'  Geol.  Suit.  Canada,  Ann.  Ilep.,  \ol.  in  ^\W-%^,^,^.  W^. 
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Mais  Ditisiohs  of  tkr  Graptolite  Beds. 
Loieer  Ordoeieian. 

1.  LajieejUld  Seriet. — The  blue  blaak  sbnleii  of  this  locality  yielA 
a  fauna  wliiuh  1  have  ileall  willi  in  Home  dwlail   clBewtiere." 

Tbe  epeciei  recorded  are :  Bryoyraptut  Vieloria,  'f.  S.  Hull  J 
Bryngrafitug  Clarki.  T.  S.  Hall  ;  Lepfogeatiiiu,  .iHd'yuiM.  T.  S.  Hall  J 
Didgatograptna  FritehnTdi,  T.  S.  Hiill ;  Didymogrfipliu  Taylori,  T.  S. 
Hall :  Tetragraplui  decipiens.  T.  S.  Hull  ;  Clonograpliu  flxilit, 
J.  Hall  ;  Clonogriiplut  naguifieiu.  PriEohanI ;  Clonoyraftue  nrfiiiUt 
J.  Halli  Clonograplm  rigidui,  var.  tenellus,  Linnars;  PhyllogrofittiMi 
Bp. ;  Dicti/onema  MixegiUivrayi,  T.  S.  Hall ;  Diclyoueuia  pitlch<lli 
T.  S.  Hall. 

There  is  at  first  sight  a  atratige  intermingling  of  genera  here,  but 
the  Bpeoiea  are  all  asHuoiiitad  in  une  ■mall  exuavatiou,  ami  uu  aepnn- 
lioii  of  the  beds  is  poaslblK.  Frum  the  ooourrenue  uT  BryograplM, 
whioh  it  fairly  ooniniOD,  tbe  be^la  muat  be  rei^rded  aa  the  oldi^et  oC. 
uur  graptolite' bearing  rooks  yet  found,  while  from  the  presenoo  of. 
Iho  other  aaeoQiated  genera  they  oannut,  I  think,  be  regardod  M 
Cambrian,  but  muat  be  looked  on  as  Ordovician. 

2.  Beiidiga  Series. — As  far  as  is  known,  tbe  greatest  development 
of  ibese  beds  is  in  the  Beiidigo  district,  whei-e  our  richest  aiirift-rous, 
qimrlz  veins  occur,  A  similar  fauna  is  also  found  at  Cliewtob 
DuyleHford,  Tarilla,  Newatuad,  Spring  Plains,  Upper  Loddun,  aua' 
near  Lanoefield. 

Minor  Hubdivieiona  in  this  tliick  series  will  donbtless  be  mode,  but 
at  present  no  salient  difierences  have  b<^en  noted  between  the  faunaa 
of  the  various  exposures.  Tliu  fauna  is  rich,  anil  at  Bendigo  is 
usnally  fairly  well  preserved,  though  the  beds  are  often  indurateid 
and  muoh  cleaved.  Many  new  species  are  aa  yet  undiagnosed,  and 
several  of  the  old  records  of  Didymograpttu  (leiiiu  itrielo)  are 
probably  incorrect.  I  Lave  not  seen  any  Diplograptidw  from  the 
rocks  of  this  series,  though  two  species  have  beun  ri^ourded  froia 
Bi^ndigo.  As  the  family  is  represeuted  in  younger  rocks  a  few  miles 
to  the  north  of  tbe  tuwu,  in  what  is  known  as  the  WNipHtick  Cuuntry, 
it  is  probable  that  tbey  came  from  there,  the  term  Bendigo  having 
been  ueed  in  a  loose  geograpliical  way.  In  any  case  the  specifio 
record  is  open  to  doubt. 

Tbe  following  species  occur,  amongst  others:  Didiftnograptiu 
hifidus,  J.  Hall ;  D.  graeilit,  Tqt. ;  D.  of.  decent.  Tqt ;  D.  cadne^m, 
duller;  Tetragraptuafrulicoma,  J.KaU  ;  T.  aarra,  Brong. ;  T.  guadri- 
brnchialu3,  J.  Hall;  Dichngraplu»  oelobraekiiilui,  J.  Hall;  Phgllo- 
giaptut  lyput,  J.  Hall;  Goiiiograptiti  Thureaui,  McCoy;  G.  maetr, 
ii.sp.  (vide  infra). 

A  mere  inspection  of  the  list  hardly  brings  out  the  oharaoter  of 
the  fauna,  as  a  good  deal  depends  on  the  relative  abundanoo  of 
certain  forma.  2'etragrapliu  fruticoim  and  Phylhgraplaa  typut  are 
very   abundant,    while    Didymograplut    bifidui    is    very    rare    and 

'  Pfot.  Eoy.  Soc.  Victoria,  new  »er.,  rol.  li,  1893  (1B99),  pp.  161-178,  pU.  xvii, 
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perhaps  indicative  of  the  higher  heds  of  the  series.  Didymograptua 
cadueeua,  again,  is  rare  and  small,  and  it  is  interesting  to  notice, 
as  we  pass  up  through  a  long  series  of  rocks  above  those  of  Bendigo, 
that  it  increases  in  relative  numbers,  and  at  the  same  time  gradually 
attains  a  much  larger  size,  till  it  reaches  its  maximum  near  the 
horizon  of  the  uppermost  Castlemaine  beds,  where  it  crowds  the 
rocks  to  the  almost  entire  exclusion  of  other  forms.  It  then  enters 
on  the  period  of  its  decline,  is  but  sparingly  represented  by 
stunted  forms  at  Darriwill,  and  perhaps  ranges  up  into  the  Upper 
Ordovician. 

3.  CaBllematM  Series. — The  rocks  which  form  this  series  overlie 
the  Bendigo  beds  conformably.  The  change  in  fauna  is  slight,  but 
Tetratjraptns  fruticosw,  so  characteristic  of  the  older  beds,  is  absent, 
and  Didymograptus  bifidus  becomes  abundant  at  the  base  of  the 
Castlemaine  rocks.  I  have  subdivided  the  rocks  into  several  minor 
zones,'  but  need  not  here  consider  the  details.  The  summit  of  the 
series  has  not  been  clearly  marked  off  from  the  beds  which  succeed 
it,  as  they  are  not  known  to  come  into  contact. 

In  the  lowermost  beds  Didymograptus  bifid  us  ^  J.  Hall,  as  just 
stated,  is  abundant,  but  soon  disappears.  Phyllograptiis  typus  long 
persists,  and  is  survived  for  a  short  time  by  P.  angnatifolius, 
J.  Hall.  Species  of  Diplograptua  appear  in  the  higher  beds,  but 
not,  apparently,  in  the  lower.  A  species  of  Clonograptna  occurs 
in  the  lower  beds,  but  soon  disappears.  Zoganograptua  Logani  puts 
in  an  appearance  in  the  highest  zones  and  ranges  up  into  the 
Darriwill  Series. 

Though  the  position  of  Didymograptua  bifidua  and  its  allies  would 
appear  to  be  somewhat  lower,  relatively,  than  what  it  is  in  the 
Northern  Hemisphere,  yet  if  it  be  true,  as  has  been  suggested 
by  Nicholson  and  Marr,  that  the  'tuning-fork'  group  is  phylo- 
genetically  connected  with  Tetragraptua  friUicoaua,  then  its  position 
in  beds  so  closely  associated  with  those  in  which  the  latter  species 
occurs  is  no  more  than  we  should  reasonably  expect  to  find.  The 
really  striking  point  is  that  it  should  die  out  so  soon  with  us,  and 
characterize  rocks  that  are  closely  connected  by  their  fauna  with 
the  Lower  Arenig  and  not  with  the  Upper.  Although  we  seem  to 
be  able  to  trace  the  descent  in  a  general  way  of  the  *  tuning-fork ' 
group  from  the  Tetragraptua  fruticoaua  group,  still  we  are  unable, 
I  venture  to  think,  to  descend  from  generals  to  particulars. 

The  late  appearance  of  Loganograptua  is  of  interest.  As  it  is 
one  of  the  species  figured  by  McCoy  in  his  **Prodromus  of  the 
l'al»ontology  of  Victoria,"  and  was  stated  to  occur  commonly  at 
Castlemaine,  I  was  naturally  on  the  look  out  for  it,  and  for  a  long 
time  in  vain.  I  found  it  at  last  about  a  mile  to  the  south  of  the 
town,  where  I  made  a  prolonged  search  for  it,  on  the  strike  of 
McCoy's  locality,  which  is  in  the  centre  of  the  town  and  inaccessible. 
It  is  never  associated  with  Phyllograptua  typua,  which  does  not 
range  as  high  as  the  beds  in  which  Loganograptua  first  appears. 
IJichograptua  octobrachiatua  has  also  disappeared,  after  having  long 
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jiersisted,  while  Ihe  comtnonest  associate  ia  Dldymofjrnpttui  eaSncet, 
which  ii  repreBenleil  liy  iho  large  variety'  olwr»cleri§ti(i  iifth*  higher 
hfils  of  thtt  CaBtlemaiiie  Seriea.  In  Ciinai)i»  ihe  only  8[)ticit-a  ^jiven  bj 
Ami'  ns  asBooiateil  with  it  are  RimvilligTi'ptM  RiehnrSooiii  »nd  Gonio- 
graptut  ThiiTfam.  The  former  species  has  niJl  l>een  recogniMri  in 
AuKl.rtilirk,  while  Ihe  latter  is  oonfined  to  a  lower  horienn,  not  paumg 
up  into  the  CaBLlemaiQe  Seriea.  In  the  Skiilduw  Slutea  it  wunld 
ftlao  appear  tbat  the  poxitioD  of  Loganagraptvt  ia  lower  ia  the  e«^ie^ 
for  Misp  G.  L.  Rllet,'  in  her  table  of  siiggested  phyloj^ny,  puts  down  . 
Dirhograpttu  oetobrtifhiolili  and  TetragraptUB  qnridribiachialtu  as  At- 
rivfil  from  Loganograpiui  Logitni.  Genealogical  trees  are  noturiouBlf 
difQoult  to  (Inw  up  in  biology  where  there  is  grvat  danger  ot 
oonruaiug  the  difiereiit  oolliileral  bmtiuhea.  The  quearioD  suggBitt 
itflplf  as  to  what  ia  the  refil  ordnr  of  the  appenmtice  of  these  form*. 
Migration,  one  would  think,  must  proilnoe  iippnrtrnt  inveraioni 
widely  separated  regions,  and  it  will  he  evident  that' sevtfr&l  i 
in-versiona  autually  do  oooiir  in  the  case  of  unr  graplolitea,  or 
other  wurda,  that  we  find  in  Viotoria  forms  asf^ociAted  wliioh  SK 
found  together  in  the  Northern  HnmiBphere,  anil  wee  veroA.  Thrt 
the  general  phylogeny  of  the  graptolites  may  be  traced  out  on  lb* 
lines  indicated  by  Nicholson  nnd  Marr,'  and  so  ably  elabomted 
by  Miaa  Ellea,  there  can  be  bnt  little  question,  but  the  task  of 
eUhoraling  the  details  is  compIicaUd  when  we  take  into  i 
aideration  the  poaBibilily  that  the  anL-cession  of  life  in  any  psrticnUf 
set  of  byda  may  not  be  ihe  true  otw.  'I'lie  j;-nci-il  cnrcession  of  tlia  ' 
graptolitea  in  Australia  and  the  Northern  Hemisphere  is  th«  same, 
but  there  are  undoahtedly  differences  in  details. 

The  Castleniaine  Series  has  bei^n  best  studied  in  the  district 
whence  its  nanie  is  taken,  and  it  there  includea.  na  far  as  I  have  seen, 
all  the  beds  above  Ibe  Bendigo  Series,  which  ia  but  slightly  expoaed 
on  the  main  anticline  which  passes  through  Chewton. 

The  group  includes  rocka  occurring  at  Casllemaine,  a  large  area  in 
the  Bacchus  Marsh  and  Ooimaidai  DiHtriots,*  Gisborne,  and  perhaps 
a  oanaiderable  part  of  the  intervening  country,  as  well  as  an  area  in 
the  Whipstick,  north  of  Bendigo. 

The  fauna  includes  THdymograplvs  hijvAut.  J.  Hall ;  2).  Marehiioni, 
Beck  ;  D.  cf.  decftii,  1'qt. ;  D.  fxlemut.  J.  Hall ;  D.  enditeetu,  Salter ; 
Tftragraptiu  terra.  J.  Hall  ;  T.  qwdribrarhialnf,  J.  Hall  ;  T.  pro- 
ieetii$,  n.sp.  (v.  infra);  Dichograptat  octobrachialut,  J.  Hall;  D. 
oetoaarius,  J.  Hail  ;  Clonograplug,  up.  :  PkijHograplu»  igpaa,  J.  Hall  ; 
P.  angutti/oliut,  J.  Hall  ;  Loganograptut  Lognni,  J.  Hall  ;  Gonio- 
grapln*  maeer,  n.sp.  (v.  infra)  ;  Dciidrogr/iptvt,  up.  ;  Diplograpttu, 
spp. ;  ClimaengrnplaM,  sp.  ;  and  perhaps  Trigonograptut,  aa  well  as 
many  forms  as  yet  unidentified. 

4.  Darriaill  Seriet.—'Vhe  only  locality  at  which  these  rocks  are 
known  ia  in  the  parish  of  Dnrriwill,  where  graptolitea  were  found  by 

>  Genl.  and  Nst.  Hist.  Surv.  Canada,  new  eer.,  Ann.  Bep.,  toI.  iii,  pt.  2,  E,  p.  116. 
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Wilkinson  in  1864.  The  fauna  differe  from  the  typionl  Castlemaine 
one  by  the  almost  entire  absence  of  Didymograptua  cnduceua,  and  tlie 
appearance  of  Laniograptus  and  Glossograptus.  Trigonograpttu  and 
heveral  species  of  IHdymogrnptM  and  Climacograptus  occur,  while 
Tetragrapins  iterra  and  Loganograptus  still  persist.  Sir  F.  McCoy 
records  Tetrngraptas  Hendi,  but  judging  by  the  figure  and  description 
I  am  inclined  to  doubt  the  identification. 

The  beds  are  very  rich,  and  many  new  forms  are  present,  but  the 
rocks  at  the  only  fussiliferous  localities  known  are  so  much  weathered 
that  further  elucidation  of  the  fauna  is  rendered  difficult. 

This  series  appears  to  mark  the  close  of  the  Lower  Ordovician,  as 
in  the  succeeding  rooks  DicranograptidsB  put  in  an  appearance. 

Upper  Ordovician. 

No  stratigraphical  work  has  yet  been  done  in  the  Upper  Ordovician 
lieds,  so  that  in  the  present  state  of  our  knowledge  it  will  be  unwise 
to  attempt  any  correlation  based  on  the  occurrence  of  a  few  stray 
forms  the  vertical  range  of  which  we  cannot  positively  state. 

Rocks  rich  in  graptulites,  but  in  a  very  bad  state  of  preservation, 
occur  on  the  Saltwater  River  about  twenty  miles  north  of  Melbuurae. 
There  are  present  Ccenograptna  gracilis,  apparently,  as  well  as 
DicranograptuB  ramoauB  and  several  species  of  Dicellograptus  and  of 
Diplograptidse. 

A  somewhat  similar  fauna  has  recently  been  found  near  Matlock 
on  the  Woods'  Point  Road,^  whence  1  have  identified  Diplograptns 
foliaceuBy  Muroh.,  and  perhaps  JJicellograptus  Morrisii,  Hopk.  Diplo- 
graptidee  are  also  represented.  The  rocks  of  this  area  have  long 
been  considered  Silurian  from  the  occurrence  of  Cardium  Gippslaudi- 
cam,  McCoy,  the  only  fossil  known  from  the  district  Elsewhere 
this  Cardinm  is  associated  with  an  Orthoceras,  identified  by  McCoy 
AS  0.  striatopunctatum,  Miinst.,  and  so  considered  by  him  to  be  of 
Silurian  age.  As  the  age  of  the  graptolites  is  Onlovician  bey(md 
H  doubt,  the  fact  of  the  occurrence  of  Silurian  rocks  in  the  neigU- 
Itourhood  may  be  questioned  till  better  evidence  is  forthcoming, 
though  of  course  the  Ordovician  may  be  a  small  inlier. 

The  age  of  the  rocks  in  North- lOustern  Victoria  was  long  in 
doubt,  but  the  discovery  by  Mr.  Ferguson  ^  of  what  proved  to  he 
Upper  Ordovician  grai)tolites  at  three  widely  separated  localities 
showed  that  a  great  j)art  of  the  area  must  he  occupied  by  rocks  of 
that  age.  I  have  identified  Dicellograptus  elegaus,  Carr.,  and 
Climacograptus  bicorms,  J.  Hall,  from  Wombat  Creek,  where 
DiplogruptidsB  are  also  represented.  At  Tungamah  we  get  Diplo- 
graptus  pristis,  His.,  and  perhaps  Dicellograptus  sextans  and  Dicello- 
graptus ramosttSf  all,  however,  badly  preserved.  From  Walwa 
Creek  come  Dicellograptus  ancepSy  Nioh. ;  Diplograptus  pristis.  His. ; 
Z).  truncaluSf  Lnpw.  ;  Climacograptus  hicornis,  J.  Hall.  From 
Eastern    Gippsland   a   few   forms,    also    belonging   to   the   Upper 

*  Proc.  Rov.  Soc.  Victoria,  new  scr.,  vol.  x  (1897),  pp.  13-15. 
»  Id.,  vol.  k,  1896  (1897),  pp.  183-6. 


Oi'diJViuinn,  liava  been  iloul'tfuliy  recorileil,'  the  oonditinn  of  tli» 
epeuimeiiB  renileiiiig  speuifiu  iilenliticRtinn  impoaeilile,  tlixugli  I 
ouuaider  the  generio  uharacter  of  the  roBnils  HnfficieDtlf  olsKr. 

The  SaltwHter  EiTer,  in  ita  oo^irae  south  rrom  ibe  Dividing  RaDge. 
pHHses  over  the  bmuitlary  between  the  OrrloviciAti  and  Siloriui 
formations.  Tiie  river -valley  is  cut  deeply  lhn)U)r||  th«  grfcrt 
hftBultio  plain  of  Western  Victoria,  which  liere  reaches  almort  ita 
eastern  limit.  As  ia  usual  in  suuh  gorgen,  the  hasnltio  delriliu 
deeply  masks  the  hill'siiles,  and  outerops  of  older  rooks  are  isolated 
and  Bmall,  so  that  whether  the  jtination  is  oonrnrmnble  or  not  hu 
not  been  settled.  The  question  bas  been  avuided  on  our  ^eologiol 
mnpH  by  coluiiritig  Ordovieiaii  to  the  bonier  of  one  sheet  and 
heginuiiig  the  nest:  witli  Siluiian.  In  the  norlh-enst  of  the  coIout, 
however,  at  Wonibat  Crenk,  there  is,  according  to  Mr.  W.  H. 
Ferguson,  of  the  DepRrtraent  of  Mines,  an  unconformable  junotion 
^vilb  a  conglomerate  at  the  base  of  the  Silurian.  The  graptoliles  \ 
from  the  lower  beds  which  be  obtained,  and  wbiob  were  aubmittcd  -I 
to  me  by  the  Department,  are,  na  menIione<l  above,  of  Ordoviciau  age^ 
The  fossils  from  the  upper  series  over  the  ccnglomerale  were  sent  ■ 
to  Mr.  H.  Elheridge,  jnii.  They  were  in  a  very  imperfect  stale, 
but  fmm  an  examiitalion  of  iheni  Mr.  Elheridge  says'  that  he  is 
"inclined  to  re^rd  llie  epeoiinens  ....  ss  of  Upper  Sihirian 
nge,"  Ujiper  Silurian  being  useil  in  the  sense  in  whirl,  Silurian  is 
used  in  this  paper.  1'bere  would  appear  from  this,  then,  that  ther« 
is  a  physical  unconformity  between  the  two  formations  in  Viotori& 
That  au  unconformity  exitits  was  long  ago  asserted  hy  Dr.  Selwyn,' 
the  statement  being  based  on  the  difference  in  the  average  amount 
of  dip  in  the  two  foimalions.  and  not  on  any  observed  omtacU 
Mr.  R.  A.  F.  Murray,  lately  Government  Geologist  of  the  Colouy, 
says  that  "  tiie  precise  lines  of  junction  of  the  two  groups  have 
nut  yet  been  so  nearly  ascertained  as  lo  enable  it  (o  be  stated  that 
they  are  straligrapbically  unconformable."  *  Mr.  Ferguson's  obeerra- 
tiona,  however,  would  seem  to  settle  the  point. 

As  previously  mentioned,  the  earliest  known  graptolite  locality  in 
Australia  lies  near  the  township  of  Eeilor,  where  Aplin  found 
specimens  in  1855.  There  are  one  or  two  species  of  Monograptidn 
present,  none  of  which  I  find  well  enough  preserved  for  description, 
and  Diplngraptnt  is  possibly  represented.  About  a  mile  from  the 
locality  just  mentioned  another  outcrop  occurs,  which  contains  a  few 
examples  of  Monograptia,  but  which  is  chiefly  noticeable  OS  being 
tbe  spot  where  BetioHtei  Auflralit,  McCoy,  is  found,  and  which  baa 
not  hitherto  Iwen  found  elsewhere. 

'llie  records  from  other  localities  are  not  very  satisfactory.  I  have 
identified  Monograptut  priodon,  from  Macclesfield,  and  M.  of.  duiiu, 

'  Geiit.  Surv.  Victoria,  Trog.  Rep.,  vol.  ii  (1898),  pp.  126-8. 
"  Ibid.,  p.  126. 

'  luterroloniel  Eihtbition  Enays,  Melbnurne.  1l^6T,  p.  12. 
*  "Geolugy  and  i'Vssicai  liwisitKBVj  qIN'wW««,,"  -^.W, 
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StiesB,  fn)ni  South  Tarra,  while  a  few  other  badly  preserved  examples 
of  MonograptM  have  aUo  been  found  at  this  lust  locality.  From 
Alexandra  a  large  number  of  specimens  of  the  same  genus  have 
been  obtained,  all  apparently  of  the  one  species,  but  all  so  badly 
preserved  that  no  useful  purpose  would  be  served  by  either  recording 
them  as  old  species  or  describing  them  as  new.  It  is  worthy  of 
remark,  however,  that  no  sign  of  Diplograptidas  has  been  found  at 
this  locality,  so  that  we  may  perhaps  assume  that  the  beds  are  not 
very  near  the  base  of  the  formation. 

The  record,  then,  of  Silurian  forms  is  meagre  in  the  extreme,  for 
we  can  do  little  more  than  assert  their  presence  in  the  formation, 
and  must  await  the  advent  of  better  material  before  reliable  definite 
statements  can  be  made. 

The  absence  of  many  characteristic  genera,  both  Ordovician  and 
Silurian,  from  our  records  must  be  regarded  as  apparent  rather  than 
real.  The  Lower  Ordovician  beds  are  the  only  ones  that  have  been 
examined  in  any  detail,  while  the  Upper  Ordovician  rocks,  hitherto 
worked,  are  either  badly  jointed  mudstones  or  highly  indurated 
slates,  in  which  graptolites  merely  appear  as  a  glaze  on  the  surface. 

Other  Australasian  Localities, 

With  regard  to  other  Australasian  graptolites  the  information  is 
as  yet  meagre. 

Tasmania  has  apparently  yielded  a  single  specimen,  which  was 
identified  as  Diployraptus  iiodosns}  I  have  elsewhere*  given  rfawon 
for  supposing  that  a  Diplograptus  was  tbund,  and  for  the  worthleKs- 
ness  of  the  specific  identification,  and  for  the  correlation  with 
Victorian  beds  foun<led  upon  it. 

New  South  Wales  has  recently  afforded  some  Upper  Ordovician 
forms  as  recorded  by  Mr.  W.  S.  Dun.*  Dicranograptidsd  and 
DiplograptidsB  are  common,  but  badly  preserved.  Phyllograptns 
is  doubtfully  recorded  from  the  same  beds,  and  Mr.  Dun  kindly 
showed  me  the  specimen,  which,  however,  I  am  inclined  to  regard 
as  one  of  the  Retiolitidse.  Phijllograptna  certainly  does  not  range 
as  high.  These  forms  come  from  the  south-east  corner  of  the  colony, 
V>ut  similar  forms  have  since  then  been  found  as  far  north  as  the 
latitude  of  Sydney,  and  throw  considerable  light  on  the  age  of  a  series 
of  slates  and  sandstones  hitherto  tentatively  regarded  as  Silurian. 

In  New  Zealand  Lower  Ordovician  graptolites  occur,  and  Sir 
James  Hector*  gives  a  few  rough  woodcuts  of  some  of  the  forms, 
but  does  not  identify  any  of  the  species.  Frecli*  gives  a  few 
records,  which  are  all  of  Lower  Onlovician  forms,  and  I  have 
examples  of  Didymograptns  hifidus  from  Nelson. 

'  Thureau,  "Report  on  the  .  .  .  Lisle  Goldfield":  Tasmaniau  House  of 
Assembly  Journal,  vol.  \\\\\  (lSs2),  No.  UG. 

*  Rep.  Aust.  Ass.  Adv   Science,  Svdaev,  1898,  p.  401. 

*  Records  Geol.  Surv.  New  South  NVales,  vol.  v  (1897),  p.  124. 

*  Cat  N.Z.  Geol.  Exhibira,  Ind.  und  Col.  Kxhib.,  1886,  p.  82. 
^  Letbiea  Falueozoicu,  bd.  i  (lb'J7). 


Remassb  oh  aoHis  or  trs  Forms,  with  Dsscrii^ionb  or 

Nkw  Spkoies. 
ISonograylttt,  ep.     (PI.  XXII,  Fig.  1.) 

The  Bpeciraen  figtired  shows  ths  dmraclers  of  (he  genus,  hut  i«  t»o 
imperr^at  for  speuilici  dt^suription,  »nd  the  (i);tire  is  incroly  tfiveu  U 
eviiletioe  of  the  tioaiirrence  of  the  gpiiue  in  our  beda. 

Locality.  —  Kailor,  Iroiu  the  luutlity  whtiro  Aplin  first  fDaacI 
gruptolitea. 

Didymograplut  graeilit,  Tornqnist.     (PI.  SXII.  Fig.  2.) 
Aola  Univ.  Liiud,  vol.  xxvi,  pt  3,  iv,  p.  17,  pi.  i,  figs.  i*-I2. 

Ilyilroponie  Hlemler.  Sioula  sb<nit  1'3  mm.  long  ami  very  narrow, 
with  a  very  delioale  virtfuln,  whioh  is  traoBalile  lor  abiiuC  0-7  mta< 
Branches  exlenditig  at  180'^  and  apparenlly  aiising  al  very  difierent. 
levels  from  the  sicula,  the  left  Bide  of  wliich  pi'njttcts  as  an  aant* 
tooth.  The  left  branch  is  Kiveii  off  from  about  ita  middle,  the  rigUt 
brunoh  appearing  to  rise  at  the  IhvkI  of  the  aperture.  Dorsal  edgs. 
of  the  hraucheii  couvesly  swollen  opposite  the  tuidiUa  of  each  thecfc. 
Thecn  nhont  st-ven  in  11)  mm.;  slender;  outer  edg«  slightly  ooiicaT%. 
aportural  edge  straight  and  facing  HomewhaC  inwards,  the  two  edge 
forming  nn  Houte  denticle. 

Tontqiiiet  says  that  he  had  an  exampli:i  showing  the  hair-lika 
vir^ula,  but  that  he  wan  BiibNeqnently  iinahle  to  find  It.'  It  it 
ofearly  visible  in  tbe  fignred  speoimen.  Ureadtli  of  bnmoh  «boiit 
0  3  mm. ;  width  of  thecse  at  aperture  about  the  same. 

Loealiti). — Bendigu  ;  exact  locality  unknown. 

Leptograplnt  antiquai,  T.  S.  Hall.      (PI.  XXII,  Figs.  3,  4.) 

Loculity. — Lancefield, 

Tetragraj'tug  prnjeelui,  n.sp.     (PI.  XXII,  Figs.  5.  6.) 

PrimarieB  in  a  straight  line,  about  1  mm.  long.  Secondaries 
diverging  at  an  angle  of  90°  from  each  other,  rigid,  narrow,  about 
I'omni.  broad,  and  may  be  more  than  6  cm.  long.  Central  diso 
ohlong,  with  straight  sides,  slifjhtly  curving  outwards  at  the  angles 
to  embrace  the  secondary  branches.  Length  parallel  to  the  direction 
of  the  primary  branches,  7  mm. ;  breadth,  S  mm.  Sicula  not  visible. 
Thecse  eight  in  1  cm. ;  short ;  slightly  expanding ;  apertural  margin 
Bli};htly  concave,  forming  an  angle  oF  about  105°;  outer  margin 
concave,  inclined  at  50°  to  55°.  Amount  of  overlap  not  clearly 
shown  in  the  only  specimen  found,  and  cannot  be  traced  further  than 
i.  .l,ow„  in  111.  eiil.rg.,1  figi.r.  (6). 

The  narrowness  of  the  secondary  branches  and  the  prominent 
thecte  diBtingoiah  the  species  from  all  others  to  which  I  can  find 
reference. 

Loc'ilily. — A  single  specimen,  both  sides  preserved,  from  the  slate 
qunrries  five  miles  west  of  Gialwnie,  associated  with  the  large  form 
of  Diiiijmogr/iptus  eadiiteiu,  Tetragrapliit  germ,  DipJogra^tat,  ep., 
CHmacograptat,  sp.,  and  apparently  Pbyllograplut  Igpui. 

'  I/>c.  cit.,  p.  17,  footnote. 
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Jh'ehograjUug  oetonartus,  J.  Hall.  (PL  XXII,  Fig.  7.) 
The  tertiary  brenolies  at  a  little  more  than  1  cm.  from  the  sioula 
are  from  2  5  to  8  mm.  broad.  Thecse  eleven  in  1  cm.,  slightly 
expanding,  curved,  inclined  at  about  30^  in  the  middle  part  of 
their  length,  and  at  nearly  twice  that  angle  near  their  aperture. 
Apertoral  margin  strongly  concave,  forming  an  angle  of  about  150^, 
and  making  with  the  outer  margin  a  prominent  denticle.  The 
species  seems  somewhat  more  lax  in  habit  than  D.  octobraehiatna, 
and  specimens  are  common  in  the  middle  beds  of  the  Castlemaine 
district,  which  lie  in  very  similar  positions  to  that  figured  by  Hall 
Id  his  "  Graptolites  of  the  Quebec  Gronp." 

LoeaUty. — The  figured  specimen  is  from  Victoria  Gully,  Castle- 
maine. 

Clonograpitts  rigiduB,  J.  Hall,  var.  ieneUui,  Lns.  (PI.  XXII,  Fig.  8.) 
The  figured  specimen  shows  a  common  form  in  the  Lance  field 
beds,  where  it  is  associated  with  the  typical  form,  as  described  by 
Hall.  C.  rigidui  and  C.  ienellua  cannot,  I  think,  be  separated, 
and  the  extremes  are  connected  by  a  long  intermediate  series  at 
Liancefield. 

GoniograptuM  macer,  n.sp.     (Illustration,  p.  450,  Figs.  9,  10.) 

Stn.  Zoganographi8  Loganil     R.  Etheridge,  jun.    (noti  J.  Hall)  : 
Ann.  Mag.  Nat  Hist,  1874,  p.  4,  pi.  iii,  fig.  12. 
Id.,  McCoy  (non  J.  Hall)  :   Prod.  Pal.  Victoria,  Dec.  i,  p.  19 
(loo.    B  b,   29,   specimens    in    the    National    Museum, 
Melbourne). 
Oomograptu$f  sp.,  T.  S.  Hall :  Proc.  Roy.  Soc.  Victoria,  n.s., 
vol.  vii,  1894  (1895).  p.  72. 
Hydrosome  slender.     Primary  branches  about  1  mm.  in  length, 
and  forming  an  angle  of  180^  with  each  other.     Secondary  branclios 
diverging  at  about  90^  from  each  other,  and  then   bending  in  a 
zigzag  manner  at  intervals  of  about  1  5  mm.,  and  giving  off  tertiary 
branches  from  the  salient  angle.     Tertiary  branches  form  two  to 
four  in  number.     After  giving  off  the  final  tertiary  branches   the 
secondary  branches  as  well  as  the  tertiaries  may  reach  the  length 
of  30  or  40  mm.,  and  are  fairly  rigid.    Sicula  about  1  mm.  in  length, 
slender,  and  very  slowly  tapering.     ThecsB  eight  or  nine  in  10  mm., 
overlapping  by  half  their  length.    Apertural  margin  slightly  concave, 
forming  an  angle  of  about  110^  with  the  axis  of  the  branch.     Outer 
margin  inclined  at  about  25°  to  the   axis  of  the   branch,   gently 
curving  towards  the  distal  extremity. 

Though  the  species  is  fairly  common,  the  delicate  nature  of  the 
hydroKome  rarely  allows  of  its  being  found  in  a  well-preserved 
condition,  and  the  thecsB  are  usually  invisible  in  specimens  in  slate. 

Under  the  name  of  Goniograptua,  sp.,  I  have  previously  dealt 
with  this  species,  and  shown  that  it  has  been  confounded  with 
LoganograptuSf  which  occurs  only  in  higher  beds,  the  two  forms 
never  being  associated.  The  species  is  evidently  congeneric  with 
Dichograptua  KjeruJfi,  Herrmann.* 

^  See  Gbol.  Mao.,  18S6,  pp.  13  et  seq. 
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In  the  ahnvG  descriptian  I  have  regnrtletl  llie  aeconilnrj'  brnitchM 
as  t;ivinn  o£f  terliuries  on  alternate  BiiJes,  itiBtend  of  I  renting  it  at 
a  case  of  dicbntomy,  that  in,  1  look  at  it  as  iiliowiiig  what  botaniati 
tprni  Byiiipo(Hal  brandling.  In  this  I  follow  the  view  of  MoCo; 
in  hia  desovipliou  of  the  type  epecies,  Qoaiograplu*  Tnurcaiu.  In 
a  itim|ile  apeuies,  B<ich  as  the  prttsent,  tlie  distinulioii  may  appMr 
trivial,  but  in  tjie  type  epecieN,  and  still  more  eo  in  an  undesoribed 
meniberof  the  genus  in  the  National  Mnaeinn.  Melbourne,  simplicily 
ia  certainly  gained  by  lliia  manner  of  conisiderinK  ibo  branching. 
A  similar  mode  of  branuliing  oocura,  of  course,  in  Tfinmnngraplui 

Localily  and  Borhoti. — It  oooura  throughout  the  BeniJigo  and 
the  lower  members  of  the  Castlemaine  Series.  In  the  former  it  ii 
associated  with  the  stouter  and  muoh  more  copioualy  braoohed 
G.  Tliareaui,  which  is  QonBued  to  these  beds. 


I 


Fio.    9. — GoniBgraplui  nuteer,  n.ap.  \ 

,,     10.— Tlieaame,  thecee  enUrf^d.  |  (Reduced  looae-fourth  nat.siM.) 

„      l3.—  TrtponBgrtptuafFilkiiiinmi,Ii.a]i.      i 

Bryogr.ipttt»  Victoria,  T.  S.  Hall.  (PI.  XXII,  Figs.  11,  12.) 
This  species  is  fairly  common  at  Lancefield,  aod  indistinct 
specimens,  with  more  branches  developed  than  I  have  figured, 
occur,  but  I  have  shown  a  well-preserved  form.  It  ocoura  on  the 
name  slabs  with  the  Lfplograplut  figured  above,  as  well  as  with 
most,  if  not  all,  of  the  species  recorded  from  that  looality  iu 
this  paper. 

Trigonograptut  Wilkin$oni,  n.sp.  (Illustration  supra.  Fig.  13.) 
Hydrosome  straight,  parallel -sided,  gently  curving  to  a  blunt 
point  at  the  distal  end.  1'liecee  inclined  at  about  30°,  gently 
curving  outwards  to  the  margin  of  the  polypary,  which  they  do 
not  indent ;  about  six  and  a  half  in  10  ram.,  opposite  to  one  auother. 
Virgula  very  distinct,  straight,  not  traceable  quite  to  the  distal 
extremity.  Breidlb  of  hydrcsome  nearly  3  mm.,  greatest  observed 
length  (broken)  4  cm. 

The  species  seems  very  distinct  from  those  already  described  by 
tiie  small  number  ot  l\k«o»  iti  a  gi'^eii  Voa^'a,    lo  tganeral  form  it 


E,  B.  Weltbum — A  New  Specie$  of  Lepracanthm.       451 

approaches  closely  to  Hairs  figures  of  T,  en$iformt8,  but  the  thecaa 
-art}  opposite,  and  not  alternate,  and  are  gently  curved.  One 
specimen  shows  the  proximal,  or  sicular  end,  to  be  more  abruptly 
ronnded  than  the  distal. 

Locality.  — Sutherland's  Creek,  Darriwill,  olosa  to  the  spot  marked 
«  W.L.S.1."  on  Wilkinson's  map. 

DESCRIPTION  OF  PLATE  XXII. 

Fio.    1. — Mimograptut,  sp.,  enlarged. 

2. — IHdymagraptm  graeilitj  Tqt,  enlarged. 

3. — LepiogrupiUM  antiqum^  T.  S.  Hall. 

4. — The  same,  showing  thecs  enlarged. 

6. — TftragraptuM  prqf'ectuSf  n.sp. 

6. — The  same,  showing  thecae  enlarged. 

7. — DichograptU9  oetonariu$f  J.  llall ;  thee®  enlarged. 

8. — ClonograptuM  rigidutj  J.  Iltdl,  Tar.  tenelius,  Lns. 
W.^Bryograptu*  Vietorim,  T.  8.  Hall. 
12. — The  same,  enlarged. 

(Unless  otherwise  stated,  the  figures  are  of  the  natural  size.) 


III. — On  ▲  Nxw  Spigiis  of  LspRACAyTHUs  from  the  Yorkshire 

Coal-measures. 

By  EooAK  D.  Wbllburn,  L.R.C.P.  &  8.E.,  F.R.I.P.H.,  F.G.S.,  etc. 

Genus  Lipraoanthus,  Owen. 

Gbol.  Mao.,  Deo.*  I,  Vol.  VI  (1869),  p.  481. 

Lepraeanthua  rectuSf  sp.  no  v. 

THE  spine  is  40  mm.  in  length,  by  5  mm.  in  width  at  the  junction 
of  the  inserted  and  exserted  portions ;  from  this  point  the  spine 
gradually  narrows  to  a  moderately  fine  point  at  the  apex.  The 
posterior  margin  is  nearly  straight,  the  anterior  one  gently  curved, 
the  curve  being  more  marked  distally.  The  lateral  surfaces  meet  in 
front  at  a  moderately  acute  angle,  the  spine  being  much  laterally 
compressed.  The  posterior  surface  is  concave,  and  each  margin  1h 
armed  with  the  usual  well-marked  recurved  denticles.  The  sides  of 
the  exserted  portion  are  ornamented  with  a  longitudinal  series  of 
ganoine-coated,  tuberculated  ridges.  The  tubercles  are  squarely 
shaped,  and  are  arranged  in  a  close  series,  even  in  the  proximal 
portion  of  the  spine.  In  the  distal  two- thirds  there  are  five  such 
ridges,  but  in  the  proximal  third  they  are  increased  by  intercalation 
to  seven.  Their  direction  is  as  follows  : — Tl»e  anterior  one  forms 
a  prominent  keel  on  the  anterior  border,  the  next  two  run  to  the  tip 
more  or  less  parallel  to  that  border,  one  runs  close  to  and  parallel 
with  the  posterior  border,  another  runs  to  the  apex  between  these 
two  sets,  and,  lastly,  on  each  side  of  this  ridge  are  intercalated  two 
shorter  ones.  The  inserted  portion  is  well  marked,  and  the  line  of 
demarcation  between  this  and  the  exserted  portion  runs  upwards  and 
bnckwards,  cutting  the  anterior  and  posterior  margins  at  an  angle 
of  45  degrees. 

The  present  spine,  for  which  I  propose  the  specific  name  rectus, 
differs  from  L,  Colei,  Owen,  in  that  it  is  tttrax^ViWt  cixi^  w\q\^  \^\yeX.^ 


ill  (lie  ruIjtoB  heing  uiorease'l  proximally  bj  intercalation,  anil  in  11 
tubercles  beiog  eqimrely  shii[>ti(i  and  arranged  in  a  close  eeriee,  i 
iu  [he  proximal  [lortion  of  the  Bpiue. 


(j)  Ridge  a«Ga  from  the  latitral  aspect, 

Ttp«. — Author's  ool lection. 

FoBM.  AND  Loo.— Shale  above  the  Better  Bed  Coal,  Lower  Coil- 
meaaureH,  Low  Moor,  Yorks. 

Both  Dr.  Traquair  and  Mr.  A.  Smith  Woodward  have  aeea  th« 
apiae,  and  agree  with  me  as  to  its  specific  distinotiou. 


ITOTIOES    OF    iiBIMOXH-S. 

I. — Bbitibb  Association  foe  thb  Adtahobmnt  of  Soishos. 

DoviE,  1899. 

Addeess     to    the    QaoLoGioAL    Sbotion,    bt    Sib     Abohibald 

Gkikib,  D.C.L.,  D.Sc.,  F.R.S.,  President  of  the  Section. 

AMONQ  the  man;  questiona  of  great  theoretical  importance  which 
have  engaged  the  attention  of  geologists,  none  has  in  late  yean 
awakened  more  interest  or  aroused  livt^iier  controversy  than  that 
which  deals  with  Time  as  an  element  in  geological  history.  The 
various  schools  which  have  suocessiTely  arisen  —  CatacI jamal, 
llDiformitarian,  and  Evolutionist— have  had  each  its  own  views  as 
to  ihe  duration  of  their  chronology,  as  well  as  to  the  operations 
of  terrestrial  energy.  But  though  holding  different  opinions,  they 
liid  not  make  these  difi«T«&cftQ  uia!i.^«t  <A  K^Qi;i\a,\.  oantroveray  among 
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hemselves.  Aboat  thirty  yean  ago,  howoTer,  they  were  startled 
»y  a  bold  irraption  into  their  oamp  from  the  side  of  physios.  They 
rere  then  called,  on  to  reform  their  ways,  which  were  declared  to  be 
latly  opposed  to  the  teachings  of  natural  philosophy.  Since  that 
»eriod  the  disoassion  then  started  regarding  the  age  of  the  Earth 
kQcl  the  value  of  geological  time  has  oontinaed  with  varying 
Aiimation.  Evidence  of  the  most  multifarious  kind  has  been 
>rought  forward,  and  arguments  of  widely  different  degrees  of 
validity  have  been  pressed  into  service  both  by  geologists  and 
lalaeontologists  on  one  side  and  by  physicists  on  the  other.  For 
:be  last  year  or  two  there  has  been  a  pause  in  the  controversy, 
tbongh  no  general  agreement  has  been  arrived  at  in  regard  to  the 
matters  in  dispute.  The  present  interval  of  comparative  quietude 
leems  favourable  for  a  dispassionate  review  of  the  debate.  I 
propose,  therefore,  to  take,  as  perhaps  a  not  inappropriate  subject  on 
which  to  address  geologists  upon  a  somewhat  international  occasion 
like  this  present  meeting  of  the  British  Association  at  Dover,  the 
question  of  Geological  Time.  In  offering  a  brief  history  of  the 
discussion,  I  gladly  avail  myself  of  the  opportunity  of  enforcing  one 
of  the  lessons  which  the  discussion  has  impressed  upon  my  own 
mind,  and  to  point  a  moral  which,  as  it  seems  to  me,  we  geologists 
may  take  home  to  ourselves  from  a  consideration  of  the  whole 
question.  There  is,  I  think,  a  practical  outcome  which  may  be 
made  to  issue  from  the  controversy  in  a  combination  of  sympathy 
and  co-operation  among  geologists  all  over  the  world.  A  lasting 
service  will  be  rendered  to  our  science  if  by  well-concerted  effort 
we  can  place  geological  dynamics  and  geological  chronology  on 
a  broader  and  firmer  basis  of  actual  experiment  and  measurement 
than  has  yet  been  laid. 

To  understand  aright  the  origin  and  progress  of  the  dispute 
regarding  the  value  of  time  in  geological  speculation,  we  mudt  take 
note  of  the  attitude  maintained  towards  this  subject  by  some  of  the 
early  fathers  of  the  science.  Among  these  pioneers  none  has  left 
his  mark  more  deeply  graven  on  the  foundations  of  modern  geology 
than  James  Hutton.  To  him,  more  than  to  any  other  writer  of 
his  day,  do  we  owe  the  doctrine  of  the  high  antiquity  of  our  globe. 
No  one  before  him  had  ever  seen  so  clearly  the  abundant  and 
impressive  proofs  of  this  remote  antiquity  recorded  in  the  rocks  of 
the  earth's  crust.  In  these  rocks  he  traced  the  operation  of  the  same 
slow  and  quiet  processes  which  he  observed  to  be  at  work  at  present 
in  gradually  transforming  the  face  of  the  existing  continents.  When 
he  stood  face  to  face  with  the  proofs  of  decay  among  the  mountains, 
there  seems  to  have  arisen  uppermost  in  his  mind  the  thought  of  the 
immense  succession  of  ages  which  these  proofs  revealed  to  him. 
His  observant  eye  enabled  him  to  see  **  the  operations  of  the  surface 
wasting  the  solid  body  of  the  globe,  and  to  read  the  unmeasurable 
oourse  of  time  that  must  have  flowed  during  those  amazin<; 
operations,  which  the  vulgar  do  not  see,  and  which  the  learned  seem 
to  see  without  wonder."  ^     In  contemplating  the  stupendous  results 

»  "  Theory  of  the  Earth,"  vol.  \,  ^.  \Q^. 


auliievet]  by  simh  nppnrently  feelile  fnroeB.  Hiiltnn  felt  tlint  one  grttt 
(tl>ji^utioa  he  hnd  U>  oantsnd  with  in  the  reoeplion  i>f  bia  tbuory,  even 
hy  tbe  Boientifio  men  of  bia  day,  lay  in  tbe  iunbility  i.r  imwillirigufW 
iirtho  huiiinu  mind  to  admil  eiiuh  lar^rn  d^iiinnde  as  be  made  od  t1i« 
jmat.  "  What  more  can  we  reijuire  ?  "  he  aske  in  eumiuing  up  bii 
conclusions  ;  und  be  answere  tbe  qtieelion  in  tbfse  memorabla 
words  :  "  Wbat  mi>re  oan  we  require  ?  Nothin);  but  time.  It  i*  nol. 
any  pnrt  of  the  prooesB  Hint  will  be  diapuletl ;  but  after  alliiwing  ill 
the  parts,  tbe  wbole  will  be  denied;  and  for  what?— only  brcsiiM 
we  are  not  dispnsed  to  allow  tbat  quantilj  of  time  which  ths 
iilihiiion  of  ao  niuoh  wsated  nioniitnin  migbt  require."  ' 

For  as  Hiitton  could  follow  the  siiooBBsion  of  events  regi^terad  ia 
Ihe  rooky  crust  of  tbe  glolie.  he  found  him^elf  baffled  by  the  olouDg 
in  around  liim  of  tliat  dark  abysm  of  lima  iulu  which  ni-itber  ey*- 
IKT  imagiDatiun  seemed  able  to  penetmte.  He  well  knew  tbib 
iMrbind  and  beyond  the  agei  recorded  iu  tbe  oldest  uf  tbe  primitivft 
rooks,  tbere  must  have  siri-lcbed  a  vast  earlier  time,  of  wbiob 
n^cord  met  hie  view.  He  did  not  attenij)t  to  speculate  beyond  tli» 
limim  of  his  evidence.  "I  do  not  pretend,"  he  wiid,  "to  dMoril* 
the  beginning  of  things;  I  take  things  such  as  1  find  them  al 
present,  and  from  these  1  reason  with  regard  to  that  whioli  mnst- 
bitve  lieen." '  In  vain  could  he  look,  even  anmng  the  oldest 
forumtiona,  for  any  sign  of  the  infancy  of  the  planet.  He  i 
only  delect  a  repealed  serieR  of  siiuilar  revolulionn,  the  oldest  oF 
winvh  wjiN  UKHumlly  not  |)k^  f\v»\.  in  Iho  leneolrial  histoiy,  and  he 
concluded,  as  "  tbe  result  of  this  physical  inquiry,  that  we  find  no 
vestige  of  a  beginning,  no  prospect  of  an  end." ' 

This  conclusion  from  strictly  geological  evidence  has  been 
impugned  from  the  side  of  physics,  and,  as  furlher  developed  by 
I'layfair,  has  been  declared  to  be  contradicted  by  tbe  principles  uf 
natural  philoxopby.  But  if  it  be  considered  on  tbe  basis  of  tb« 
evidence  on  which  it  was  originally  propoundrtd,  it  w>ig  absolutely 
true  in  Button's  time  and  remains  true  to-day.  Tbat  able  reaeoner 
never  claimed  tbat  the  earth  has  existed  from  all  eternity,  or  tbat  it 
will  go  on  existing  for  ever.  He  adiiiittvd  tliat  it  must  have  had 
a  beginning,  but  he  bad  been  unable  to  find  any  vestige  of  tbat 
b<>ginning  in  the  structure  of  tbe  planet  itself.  And  notwitli- 
standing  all  the  multiplied  researches  of  the  century  that  has  passed 
since  the  immortal  "Theory  of  the  Earth  "  was  published,  no  relic 
of  the  first  oondition  of  our  earth  has  been  found.  We  have 
speculated  much,  indeed,  on  the  subject,  and  our  friends  the 
physicists  have  speculated  still  more.  Some  of  tbe  speculations  do 
not  seem  to  me  more  philosophical  tlian  many  of  those  of  tbe  older 
cosniogi mists.  Ab  far  as  reliable  evidence  can  be  drawn  from  the 
nicks  of  tbe  globe  itself,  we  do  not  seem  to  be  nearer  the  discovery 
of  tbe  beginning  than  Button  was.  Tbe  most  ancient  rocks  that 
can  be  reached  are  demonstrably  not  the  first-formed  of  all.     Thej 

I  "Thenrrof  thflEnrih,"  Tol.  ii,p.  329. 
'  Op.  tit..Tol  i,  p.  173,  note. 
•  Op.  «l.,^o\."v,^.««i. 
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were  preceded  by  others  whioh  we  know  mast  have  existed,  though 
no  vestige  of  them  may  remain. 

It  may  be  further  asserted  that,  while  it  was  Hutton  who  firAt 
impressed  on  modern  geology  the  oonvtotion  that  for  the  adequate 
comprehension  of  the  past  history  of  the  earth  vast  periods  of  tiiue 
must  be  admitted  to  have  elapsed,  our  debt  of  obligation  to  him  is 
increased  by  the  genius  with  whioh  he  linked  the  passage  of  these 
vast  periods  with  the  present  economy  of  nature.  He  first  realized 
the  influence  of  time  as  a  factor  in  geological  dynamics,  and  first 
taught  the  efficacy  of  the  quiet  and  unobtrusive  forces  of  nature. 
His  preddcessors  and  contemporaries  were  never  tired  of  invoking 
the  more  vigorous  manifestations  of  terrestrial  energy.  They  saw 
in  the  composition  of  the  land  and  in  the  structure  of  mountains  and 
valleys  memorials  of  numberless  convulsions  and  cataclysms.  In 
Hutton*8  philosophy,  however,  *'it  is  the  little  causes,  long  continued, 
which  are  considered  as  bringing  about  the  greatest  changes  of 
the  earth."  * 

And  yet,  unlike  many  of  those  who  derived  their  inspiration  from 
his  teaching,  but  pushed  his  tenets  to  extremes  whioh  he  doubtless 
never  anticipated,  he  did  not  look  upon  time  as  a  kind  of  scientific 
fetich,  the  invocation  of  which  would  endow  with  efficacy  even  the 
most  trifling  phenomena.  As  if  he  had  foreseen  the  use  that  mightt 
be  made  of  his  doctrine,  he  uttered  this  remarkable  warning : 
'*  With  regard  to  the  effect  of  time,  though  the  continuance  of  time 
may  do  much  in  those  operations  whioh  are  extremely  slow,  where 
no  change,  to  our  observation,  had  appeared  to  take  place,  yet, 
where  it  is  not  in  the  nature  of  things  to  produce  the  change  in 
question,  the  unlimited  course  of  time  would  be  no  more  effectual 
than  the  moment  by  which  we  measure  events  in  our  observations."  ^ 

We  thus  see  that  in  the  philosophy  of  Hutton,  out  of  which  so 
much  of  modern  geology  has  been  developed,  the  vastness  of  the 
antiquity  of  the  globe  was  deduced  from  the  structure  of  the  terres- 
trial crust  and  the  slow  rate  of  action  of  the  forces  by  which  the 
surface  of  the  crust  is  observed  to  be  modified.  But  no  attempt  was 
made  by  him  to  measure  that  antiquity  by  any  of  the  chronological 
standards  of  human  contrivance.  He  was  content  to  realize  for 
himself  and  to  impress  upon  others  that  the  history  of  the  earth  could 
not  be  understood,  save  by  the  admission  that  it  occupied  prolonged 
though  indeterminate  ages  in  its  accomplishment.  And  assuredly 
no  part  of  his  teaching  has  been  more  amply  sustained  by  the 
subsequent  progress  of  research. 

Playfair,  from  whose  admirable  ''Illustrations  of  the  Huttonian 
Theory  "  most  geologists  have  derived  all  that  they  know  directly 
of  that  theory,  went  a  little  further  than  his  friend  and  master  in 
dealing  with  the  age  of  the  earth.  Not  restricting  himself,  as  Hutton 
did,  to  the  testimony  of  the  rocks,  which  showed  neither  vestige  of 
a  beginning  nor  prospect  of  an  end,  he  called  in  the  evidence  of 
the  cosmos  outside  the  limits  of  our  planet,  and  declared  that  in 

1  '*  Theory  of  the  Earth,''  toI.  ii,  p.  205. 
'  Op.  cit.,  vol.  i,  p.  44. 
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the  firmament  also  no  mark  oould  be  discovered  of  the  oommenoA- 
nient  or  termination  of  the  present  order,  no  symptom  of  infancy  or 
old  age,  nor  any  sign  by  which  the  future  or  past  duration  of  the 
universe  might  be  estimated.^  He  thus  advanced  beyond  the  strictly 
geological  bases  of  reasoning,  and  committed  himself  to  statements 
which,  like  some  made  also  by  Hutton,  seem  to  have  been  suggested 
by  certain  deductions  of  the  French  mathematicians  of  his  day 
regarding  the  stability  of  the  planetary  motions.  His  statemonta 
have  been  disproved  by  modern  physics ;  distinct  evidence,  Itoth 
from  the  earth  and  the  cosmos,  has  been  brought  forward  of 
progress  from  a  begiilning  which  can  be  conceived,  through  successive 
stages  to  an  end  which  can  be  foreseen.  But  the  disproof  leaves 
Hutton's  doctrine  about  the  vastness  of  geological  time  exactly  where 
it  was.  Surely  it  was  no  abuse  of  language  to  speak  of  periods  as 
being  vast  which  can  only  be  expressed  in  millions  of  years. 

It  is  easy  to   understand  how  the  Uniformitarian  school,  which 
sprang  from  the  teaching  of  Hutton  and  Playfair.  came  to  believe 
that   the  whole  of  eternity  was  at  the  disposal  of  geologists.     In 
popular   estimation,  as   the   ancient  science  of  astronomy  was  that 
of    infinite   diHtance,    so   the   modern    study   of    geidogy    was   the 
science  of  infinite  time.    It  must  l>e  frankly  conceded  that  geologists, 
believing  themselves  unfettered  by  any  limits  to  their  ohronolojicy, 
made  ample  use  of  their  imagined  liberty.     Many  of  them,  following 
the  lead  of  Lyell,  to  whose  writings  in  other  respects  modern  geology 
owes  so  deep  a  debt  of  gratitude,  hecanie  utterly  reckless  in  their 
demands  for  time,  deuu^nds  which  even  the  requirements  of  their  own 
science,  if  they  had  udt^qiiately  realiz^'d  them,  did  not  warrant.     The 
older  ge(d(>gists  had  not  attempted   to  express  their  vast  periods  in 
terms  of  years.     The  indefiniteness  of  their  languai^e  fitly  denoted 
the  absence  of  any  ascertainable  limits  to  the  successive  aojes   with 
which    they   hail    to    deal.       And    until    some    evid».*nce    should    be 
discovered    whereby    these    limits    might    be    fixed    and    mcasiireil 
l)y  human  standards,  no  reproa(^h  could  justly  be  broiiijjlit  against  tht* 
geoh^gical  termiiioh)ij:y.    It  was  far  more  philosopliioal  to  be  iM>nteiit, 
in    the  meanwhile,  with  indeterminate  expressions,  than   from    data 
of   the    weakest    or    n»ost    speculative    kind  to  attempr  to   ujeasure 
gei>logical  periods  by  a  chronology  of  years  or  centuries. 

In  the  year  1HG2  a  wholly  new  li«^lit  was  thrown  on  the  quest  inn 
of  the  a«rc  of  our  globe  and  the  dnration  of  geolojrical  time  by  the 
r<MnarkablH  paper  on  the  Secular  Cooling  of  the  Earth  communicated 
by  Ijord  Kidvin  (then  Sir  AVilliam  Thomson)  to  the  Royal  Society  of 
Kd  in  burgh.'  In  this  memoir  he  first  <b'veloped  his  now  well-known 
argument  from  the  observe<l  rat**  of  in(M'ea*<e  of  tempf*r.'itnre  down- 
wards from  tliH  surface  of  the  latid.  He  astonished  g'^ologists  by 
announcing  to  them  that  some  definite  limits  to  the  age  of  our  pb\n»"t 
mijxlit  be  ascertained,  and  by  declaring  his  belief  that  this  age  must 
be  more  than  20  millions,  but  less  than  K)0  millions  of  years. 

'   *'  niustratioiT*  (»f  tlif  Huttoriim  Tli'M)rv,"  ^  118. 
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Nearly  foar  years  later  he  emphasized  his  dissent  from  what  he 
considered  to  be  the  current  geological  opinions  of  the  day  by 
repeating  the  same  argument  in  a  more  pointedly  antagonistic  form  in 
a  paper  of  only  a  few  sentences,  entitled  **The  Doctrine  of  Uniformity 
in  Gfeology  briefly  refuted."  * 

Again,  after  a  further  lapse  of  about  two  years,  when,  as  President 
of  the  Qeological  Society  of  Glasgow,  it  became  his  duty  to  give  an 
address,  he  returned  to  the  same  topic  and  arraigned  more  boldly 
and  explicitly  than  ever  the  geology  of  the  time.  He  then  declared 
that  '*  a  great  reform  in  geological  speculation  seems  now  to  have 
become  necessary,''  and  he  went  so  far  as  to  afSrm  that  **  it  is  quite 
certain  that  a  great  mistake  has  been  made — that  British  popular 
geology  at  the  present  time  is  in  direct  opposition  to  the  principles 
of  natural  philosophy." '  In  pressing  once  more  the  original 
argument  derived  from  the  downward  increase  of  terrestrial 
temperature,  he  now  reinforced  it  by  two  further  arguments,  the  one 
based  on  the  retardation  of  the  earth's  angular  velocity  by  tidal 
friction,  the  other  on  the  limitation  of  the  age  of  the  sun. 

These  three  lines  of  attack  remain  still  those  along  which  the 
assault  from  physics  is  delivered  against  the  strongholds  of  geology. 
Lord  Kelvin  has  repeatedly  returned  to  the  charge  since  1868,  his 
latest  contribution  to  the  controversy  having  been  pronounced  two 
years  ago.'  While  his  physical  arguments  remain  the  same,  the 
limits  of  time  which  he  deduces  from  them  have  been  successively 
diminished.  The  original  maximum  of  400  millions  of  years  has 
now  been  restricted  by  him  to  not  much  more  than  20  millions, 
^while  Professor  Tait  grudgingly  allows  something  less  than 
10  millions.* 

Soon  after  the  Appearance  of  Lord  Kelvin's  indictment  of  modern 
l^ology  in  18G8,  the  defence  of  the  science  was  taken  up  by  Huxley, 
-who  happene<i  at  the  time  to  be  President  of  the  Geological  Society 
of  Ltmdon.  In  his  own  inimitnbly  brilliant  way,  half  seriously  half 
playfully,  this  doughty  combatant,  with  evident  relish,  tossed  the 
physical  arguments  to  and  fro  in  the  eyes  of  his  geological  brethren, 
as  a  barrister  may  flourish  his  brief  before  a  sympathetic  jury.  He 
mras  willing  to  admit  that  '*  the  rapidity  of  rotation  of  the  earth  may 
he  diminishing,  that  the  sun  may  be  waxing  dim.  or  that  the  earth 
itself  maj^  be  cooling."  But  he  went  on  to  add  his  suspicion  that 
"  most  of  us  are  Gallios,  *  who  care  for  none  of  these  things,'  being 
of  opinion  that,  true  or  fictitious,  they  have  made  no  practical 
difference  to  the  earth,  during  the  period  of  which  a  record  is 
preserved  in  stratified  deposits."  * 

For  the  indifference  which  their  advocate  thus  professed  on  their 
behalf  most  geologists  believed  that  they  had  ample  justification. 

*  Proc.  Roy.  Soc.  Edin.,  vol.  v,  p.  612  (Dec.  18,  1865). 

"  Trans.  Geol.  Soc.  Glasgow,  vol.  iii,  pp.  1,  16  (February,  1868). 

*  **  The  Age  of  the  Karth,"  beinj^  the  Annual  Address  to  the  Victoria  Institute, 
June  2.  1897:    Phil.  Ma«r.,  Jannary.  1809,  p.  66. 

*  **  Recent  Advances  in  Physical  Science,"  p   174. 

^  Presidential  Addretw,  Quart.  Juurn.  Geul.  boc,  VS69. 


The  limits  wUliin  which  the  physioist  would  ciroumaoriha  the  earth's 
history  was  8o  vague,  yet  so  vaat,  that  wlietlier  tUe  lirao  Hllonrffl 
were  400  millioaa  or  100  millLoaa  of  years  did  not  seem  U>  them 
greatly  to  matter.  After  all.  it  was  not  the  time  that  obieSy 
iiiteresteil  tliuni,  but  the  grand  aiiooessioa  of  evi-nte  whieh  the  tima 
hud  witneBied,  That  Buooeseion  hail  bueTi  estalitialied  onubaervittioDt 
BO  ahundmit  and  bo  preoJBe  ChaC  it  could  wiihstjiad  attack  from  any 
quarter,  and  it  bad  taken  as  firm  and  lasting  a  place  among  the  »)liil 
aohievements  of  sgienoe  aB  oould  be  olaimed  for  any  pliyflioal 
B poo ulal ions  whatsoever.  WUetlior  the  time  required  for  the 
transaotion  of  this  idarvellada  earth-history  was  Bome  millioDS  of 
years  more  or  Buine  millions  of  years  less  did  not  seem  to  the 
t^eologists  to  he  aq'ieation  on  whjoh  their  Boienoe  stood  in  antagonism 
with  the  prinoipluB  of  nnturni  philosopby.  but  one  whioh  the 
natural  philosopbera  might  be  left  to  settle  at  their  own  good 
pleasure. 

For  myself.  I  may  be  pormicted  here  to  say  that  I  have  ne»« 
shared  this  feeling  of  indifferfuce  and  unoonoern.  As  far  back  M 
the  year  1868,  only  a  month  after  Lord  Kelvin's  first  presunMtitiu  of 
bis  threefold  argument  in  favour  of  limiting  the  age  of  the  earth, 
1  gave  ill  my  ailheBion  to  the  prapriety  of  reatrioting  the  geological 
ilemands  for  time.  I  then  showed  that  even  the  phenomima  of 
denudation,  whioh,  from  the  time  of  Hutton  downwards,  bad  been 
moat  constantly  and  oonSdently  apjiealed  to  in  snjiport  of  the  iticoa- 
oeivably  vaat  antiquity  of  our  globe,  might  be  aooount«d  for,  at  the 
present  rate  of  aotion.  within  auob  a  period  as  100  millione  of  years.' 
'i'o  my  mind  it  baa  always  seemed  that  whatever  tends  to  give  more 
precision  to  the  chronology  of  the  geoloL;i«t,  and  helps  him  to  a 
clearer  conception  of  the  antiquity  with  whioh  he  has  to  deal,  ought 
to  be  welcomed  by  him  as  a  valuable  assititanoe  in  his  inquiries. 
And  I  feel  sure  that  this  view  of  the  matter  has  now  become  general 
among  those  engaged  in  geological  research.  Frank  recognition  ia 
made  of  the  infiuenoe  which  Lord  Kelvin's  peraistent  attacks  have 
bad  upon  our  soienoe.  Geologists  have  been  led  by  bis  oriticisins  to 
revise  their  chronology.  They  gratefully  acknowledge  that  to  him 
they  owe  the  introduction  of  important  new  lines  of  inveatigaiion, 
whioh  link  the  Bohition  of  the  problems  of  geology  with  those  of 
pliyaioH.  They  realize  how  much  be  has  done  to  dissipate  the  former 
vague  conceptions  as  to  the  duration  of  geological  history,  and  uvea 
when  they  emphatically  dissent  from  the  greatly  reatriotod  boUDds 
within  which  be  would  now  limit  that  history,  and  when  they 
declare  their  inability  to  perceive  that  any  reform  of  their  specula- 
lions  in  this  subject  is  needful,  or  that  tlieir  science  has  placed 
herself  in  opposition  to  the  priuoiples  of  phyaics,  they  none  the  leaa 
pay  their  sincere  homage  to  one  who  has  thrown  over  geology,  aa 
over  so  many  other  departments  of  natural  knowledge,  the  clear  tight 
of  a  penetrating  and  original  genius. 
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When  Lord  Kelvin  first  developed  his  strictures  on  modem 
geology  he  expressed  his  opposition  in  the  most  unoompromisiug 
language.  In  the  short  paper  to  which  reference  has  already  been 
made,  he  announced,  without  hesitation  or  palliation,  that  he 
'*  briefly  refuted  "  the  doctrine  of  Uniformitarianism  which  had  been 
espoused  and  illustrated  by  Lyell  and  a  long  list  of  the  ablest 
geologists  of  the  day.  The  severity  of  his  judgment  of  British 
geology  was  not  more  marked  than  was  his  unqualified  reliance 
on  his  own  methods  and  results.  This  confident  assurance  of 
a  distinguished  physicist,  together  with  a  formidable  array  of 
mathematical  formulas,  produced  its  effect  on  some  geologists  and 
palsBontologists  who  were  not  Qalltos.  Thus,  even  after  Uuxley's 
brilliant  defence,  Darwin  could  not  conceal  the  deep  impression 
which  Lord  Kelvin's  arguments  had  made  on  his  mind.  In  one 
letter  he  wrote  that  the  proposed  limitation  of  geological  time  was 
one  of  his  *'  sorest  troubles."  In  another,  he  pronounced  the  physicist 
himself  to  be  **an  odious  spectre."  ^ 

The  same  self-confidence  of  assertion  on  the  part  of  some,  at  least, 
of  the  disputants  on  the  physical  side  has  continued  all  through  the 
controversy.  Yet  when  we  examine  the  three  great  physical 
arguments  in  themselves,  we  find  them  to  rest  on  assumptions 
which,  though  certified  as  "  probable  "  or  "  very  sure,"  are  never- 
theless admittedly  assumptions.  The  conclusions  to  which  these 
assumptions  lead  must  depend  for  their  validity  on  the  degree  of 
approximation  to  the  truth  in  the  premises  which  are  postulated. 

Now  it  is  interesting  to  observe  that  neither  the  assumptions  nor 
the  conclusions  drawn  from  them  have  commanded  universal  assent 
even  among  physicists  themselves.  If  they  were  as  self-evident  as 
they  have  been  claimed  to  be,  they  should  at  least  receive  the  loyal 
support  of  all  those  whose  function  it  is  to  pursue  and  extend  tlie 
applications  of  physics.  It  will  be  remembered,  however,  that 
thirteen  years  ago  Professor  George  Darwin,  who  has  so  often 
shown  his  inherited  sympathy  in  geological  investigation,  devoted  his 
presidential  address  before  the  Mathematical  Section  of  this  Associa- 
tion to  a  review  of  the  three  famous  physical  arguments  respecting 
the  age  of  the  earth.  He  summed  up  his  judgment  of  them  in  the 
following  words: — ''In  considering  these  three  arguments  I  have 
adduced  some  reasons  against  the  validity  of  the  first  [tidal  friction]  ; 
and  have  endeavoured  to  show  that  there  are  elements  of  uncertainty 
surrounding  the  second  [secular  cooling  of  the  earth]  ;  nevertheless 
they  undoubtedly  constitute  a  contribution  of  the  first  importance  to 
physical  geology.  Whilst,  then,  we  may  protest  against  the 
precision  with  which  Professor  Tait  seeks  to  deduce  results  from 
them,  we  are  fully  justified  in  following  Sir  William  Thomson,  who 
says  that  *  the  existing  state  of  things  on  the  earth,  life  on  the 
earth — all  geological  history  showing  continuity  of  life,  must  be 
limited  within  some  such  period  of  past  time  as  100,000,000  years.'  " ' 

More  recently   Professor  Perry  has  entered   the  lists,   from  the 

^  Darwin's  Life  and  Letters,  toI.  iii,  pp.  115,  146. 
>  Rep.  Brit.  Assoc.,  1886,  p.  517. 


ptijsical  aide,  to  challenge  the  valiiHty  of  the  coDclusions  «o 
ouiifident.Iy  put  forwnrd  ia  liinitnlion  of  the  age  of  the  earth.  He 
iMa  boldly  impugoed  ttacli  of  the  three  physicitl  arguments.  That 
which  i»  bnaed  on  tidal  retardatiou,  following  Mr.  Maiwoll  Clom 
and  ProfesBur  Darwin,  be  disiniHSes  ax  fallacious.  In  regard  to  Ihe 
argument  from  tbe  aecular  oooliiig  of  the  earth,  he  contends  that  it  i« 
perfectly  allowable  to  aasiinie  a  much  higher  conductivity  for  tits 
iulerior  of  tbe  globe,  and  that  this  asBumpt.iun  would  vastly  inoreoM 
our  eslimBte  of  the  age  of  the  planet.  Ab  to  the  auMolunians  drawa 
from  the  history  of  the  sun.  he  maintainB  that,  on  tbe  uae  hand.  Hm 
eau  may  have  been  repeatedly  fed  by  ini'alling  meteorites,  and  tbnl 
on  the  other  tbe  earth,  during  former  ages,  may  have  had  its  beat 
retained  by  a  dense  atmOBpherio  envelope.  He  thinkB  that  "  almoat 
anything  is  possible  as  to  the  present  interaal  state  of  the  earth."  and 
he  concludes  in  these  words  :  "  To  snm  up  we  can  find  no  published 
record  of  an;  lower  maximum  age  of  life  on  the  earth,  as  calculatd 
by  physicists,  than  40U  millions  of  years.  From  the  three  physical 
arguments.  Lord  Kelvin's  higher  limits  are  1,000,  400,  and  500 
million  years.  I  have  shown  that  wa  have  reasons  for  believing 
that  Ihe  nge,  fron>  all  these,  may  be  Tery  considerably  underastimat^Mi. 
It  is  to  be  observed  that  if  we  exclude  everything  but  the  arguneDls 
from  mere  physics,  the  probitbU  age  of  life  on  tbe  earth  is  much  !««« 
than  any  of  the  above  eatimatvs ;  but  if  the  pnleeontologists  ban 
goiid  reasons  for  demanding  rouoh  greater  timeK,  1  see  nothing 
from  the  physicist's  point  iif  view  which  denies  them  four  timeii  thit 
greatest  of  these  estimates."  ' 

This  remarkable  admission  from  «  reoogniiwd  authority  on  tbe 

fhysical  side  re-echoes  and  emphasizes  the  warning  pronounced  by 
'rofesBor  Darwin  in  the  address  already  quoted — "at  present  oar 
knowledge  of  a  definite  limit  to  geological  time  hns  so  little 
precision  that  we  should  do  wrong  to  summarily  reject  any  tbeoriee 
which  appear  to  demand  longer  periods  of  time  than  those  which 
now  appear  allowable."' 

This  'wrong'  which  Professor  Darwin  bo  seriously  deprecated 
has  been  committed  not  once,  but  again  and  again,  in  the  history  of 
this  discussion.  Lord  Kelvin  has  never  taken  any  notice  of  tbe 
strong  body  of  evidence  adduced  by  geologists  and  paleontologists 
in  favour  of  a  much  longer  antiquity  than  he  is  now  dispoMd  to 
allow  for  the  age  of  the  earth.  Bis  own  three  physical  arguments 
have  been  successively  restated,  with  snch  correctioos  and  modi- 
fications as  he  has  found  to  be  necessary,  and  no  doubt  further 
alterations  are  in  store  for  them.  He  has  out  off  shoe  after  slice 
from  the  allowance  of  time  which  at  first  be  was  prepared  to  grant 
for  tlie  evolution  of  geological  history,  his  latest  pronounoement 
being  that  "  it  wae  more  than  twenty  and  less  than  forty  million 
years,  and  probably  much  nearer  twenty  than  forty." '     But  in  aoae 

'  NatuTB,  Tol.  li,  p.  6SS  (April  IS,  1S96). 
'  Rep.  Brit.  Amoo,.  188fi,  p.  518. 

•  "TheAgeoftUe  tianti,"  Presidential  Addrew  to  tlieVittoria  Imlitute  tor  1BB7, 
p.  10;  sJm  in  Phil.  Mag.,  Jamiurj,  L&^. 
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of  fiiff  papers  18  there  an  admisston  that  geology  and  palieontology, 
though  they  have  again  and  again  raided  their  voioes  in  protest,  have 
anything  to  say  in  the  matter  that  is  worthy  of  oonsideration. 

It  is  diffioalt  satisfactorily  to  oarry  on  a  disoussion  in  whioh  your 
opponent  entirely  ignores  your  arguments,  while  you  have  given  the 
fullest  attention  to  his.  In  the  present  instance  geologists  have 
most  carefully  listened  to  all  that  has  been  brought  forward  from 
the  physical  side.  Impressed  by  the  force  of  the  physical  reasoning, 
they  no  longer  believe  that  they  can  make  any  demands  they  may 
please  on  past  time.  They  have  been  willing  to  accept  Lord  Kelvin's 
original  estimate  of  100  millions  of  years  as  the  period  within  which 
the  history  of  life  upon  the  planet  must  be  comprised ;  while  some 
of  them  have  even  sought  in  various  ways  to  reduce  that  sum  nearer 
to  his  lower  limit  Yet  there  is  undoubtedly  a  prevalent  misgiving, 
whether  in  thus  seeking  to  reconcile  their  requirements  with  the 
demands  of  the  physicist  they  are  not  tying  themselves  down 
within  limits  of  time  which  on  any  theory  of  evolution  would  have 
been  insufficient  for  the  development  of  the  animal  and  vegetable 
kingdoms. 

It  is  unnecessary  to  recapitulate  before  this  Section  of  the  British 
Association,  even  in  briefest  outline,  the  reasoning  of  geologists 
and  pal89ontologists  whioh  leads  them  to  conclude  that  the  history 
recorded  in  the  crust  of  the  earth  must  have  required  for  its  trans- 
action a  much  vaster  period  of  time  than  that  to  whioh  the  physicists 
would  now  restrict  it.^  Let  me  merely  remark  that  the  reasoning 
is  essentially  based  on  observations  of  the  present  rate  of  geological 
and  biological  changes  upon  the  earth's  surface.  It  is  not,  of  course, 
maintained  that  this  rate  has  never  varied  in  the  past.  But  it  is 
the  only  rate  with  whioh  we  are  familiar,  which  we  can  watch  and 
in  some  degree  measure,  and  whioh,  therefore,  we  can  take  as 
a  guide  towards  the  comprehension  and  interpretation  of  the  past 
history  of  our  planet. 

It  may  be,  and  has  often  been,  said  that  the  present  scale  of 
geological  and  biological  processes  cannot  be  accepted  as  a  reliable 
measure  for  the  past  Starting  from  the  postulate,  which  no  cue 
will  dispute,  that  the  total  sum  of  terrestrial  energy  was  once  greater 
than  it  is  now  and  has  been  steadily  declining,  the  physicists  have 
boldly  asserted  that  all  kinds  of  geological  action  must  have  been 
more  vigorous  and  rapid  during  bygone  ages  than  they  are  to-day  ; 
that  volcanoes  were  more  gigantic,  earthquakes  more  frequent  and 
destructive,  mountain  upthrows  more  stupendous,  tides  and  waves 
more  powerful,  and  commotions  of  the  atmosphere  more  violent,  with 
more  ruinous  tempests  and  heavier  rainfall.  Assertions  of  this  kind 
are  temptingly  plausible  and  are  easily  made.  But  it  is  not  enough 
that  they  should  be  made;  they  ought  to  be  supported  by  some  kind 
of  evidence  to  show  that  they  are  founded  on  actual  fact  and  not  on 

*  The  geolo^cal  arguments  are  briefly  given  in  my  Presidential  Addres?  to  the 
British  Association  at  the  Edinburgh  Meetinj^  of  1892.  The  biologiciil  arguments 
were  well  stated,  and  in  some  detail,  by  Professor  Poulton  in  his  Address  to  the 
Zoological  Section  of  the  Association  at  the  Liverpool  Meelm^  q1  V^^^, 


m»Te  llicoretical  posHliilily.  Such  evidence,  if  it  existed,  oonU 
■urtily  be  prodiicei],  Tlie  clironiete  of  the  earth's  liislory,  from  h  wry 
^Hrly  periutl  down  to  the  present  time,  has  been  leg-ibly  writttn 
wiiliiii  Uie  BeJimentary  furmatione  of  the  terrestrial  crust.  Let  iha 
appeal  be  made  to  that  register.  Does  it  lend  anj  etippurt  to  ths 
affirmation  that  the  geolngipAl  procextK-H  are  now  feebler  and  Rlower 
llinn  ihey  nRed  lo  lie  ?  Tf  it  do«H,  the  plijsioislB,  we  rat^ht  enppoae. 
would  gladly  bring  forwanl  ltd  «vidence  hb  irrefragnlile  ootifirmatioa 
of  the  HoundueGe  of  their  ooiitenlion.  But  the  geologislB  have  found 
no  Htioh  confirmation.  Otk  the  oonlmry,  they  have  been  unable  lo 
discover  any  indication  that  the  rale  of  geological  causation  has  evfr, 
nn  Ihe  whole,  greatly  varied  during  the  time  which  hns  elapaed  since 
the  deposition  of  the  oldeal  Btralified  rocks.  They  do  not  auert 
that  there  lias  been  no  vai'iaiinn.  that  liiere  have  been  no  petio<lB 
of  greater  sctivity,  both  hypngi-ne  and  epigene.  But  liiey  mainlsin 
that  (he  demonetralion  of  the  existenoe  of  aiich  periods  bas  yet  to  be 
made.  They  most  confidently  afiirni  that  whatever  may  have 
happened  in  the  earlieal  agea,  in  the  whole  va«t  BUCcesBion  of  aedi- 
inenlary  Etrnta  nothing  yet  bns  been  delected  which  neoepsarily 
deRjands  that  more  violent  and  rapid  action  which  the  pbyeioiitg 
Buppode  to  have  been  the  order  of  nature  during  the  past. 

So  far  aa  the  potent  effecta  <if  prolonged  denudation  permit  ns  to 
judge,  the  latest  mountain  npbeavala  were  at  least  an  etupendoo* 
as  Hny  of  older  date  whereof  Ihe  bnsal  relics  can  yet  be  ileteoted. 
They  seem,  indeed,  to  have  been  still  more  gigantic  than  those.  It 
may  be  doubted,  for  example,  whether  among  the  vestigea  that 
remain  of  Mesozoio  or  Pnlfeozoic  moon  tain-chains  any  instance  can 
be  found  80  colossal  ae  those  of  Tertiary  times,  such  as  the  Alps.  No 
volcanic  eruptions  of  the  older  geological  periods  can  compare 
in  extent  or  volume  with  those  of  Tertiary  and  recent  date.  The 
plication  and  dislocation  of  the  terrestrial  crust  are  proportionately 
as  Donspicuously  displayed  among  the  youuger  as  among  the  older 
forraaiions,  though  the  latter,  from  their  greater  antiquity,  have 
suffered  during  a  longer  time  from  the  renewed  disturbanoei  of 
successive  periods. 

As  regards  evidence  of  greater  violence  in  the  surrounding 
envelopes  of  atmosphere  and  ocean,  we  seek  for  it  in  vain  among  the 
stratified  rocks.  Among  the  very  oldest  formations  of  these  Islands, 
the  Torridon  Sandstone  of  Nortb-Weat  Scotland  presents  ub  with 
a  picture  of  long-continued  sedimentation,  such  as  may  be  seen  in 
progress  now  round  the  shores  of  many  a  mountain -gird  led  lake. 
In  that  venerable  deposit.  Ihe  enclosed  pebbles  are  not  mere  angular 
blocks  and  chips,  swept  by  a  sudden  flood  or  destructive  tide  from 
ofi'  ihe  surface  of  the  land,  and  huddled  together  in  confused  heaps 
over  the  floor  of  the  sea.  They  have  been  rounded  and  polished 
by  the  quiet  operation  of  running  water,  as  stones  are  rounded  and 
politilied  now  in  the  cliannele  of  brooks  or  on  the  shores  of  lake  and 
aea.  They  have  been  laid  gently  down  above  each  other,  layer  over 
laj'er,  with  fine  sand  sifted  in  between  them,  and  this  deposition  haa 
tiken  place  along  eborbH  w\i\C!b,  vWm^  'tV«tie.\i«^«Uv»t  washed  them 
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have  long  since  disappeared,  can  still  be  followed  for  mile  after  mile 
across  the  mountains  and  glens  of  the  North- West  Highlands.  So 
tranquil  were  these  waters  that  their  gentle  currents  and  oscillations 
sufficed  to  ripple  the  sandy  floor,  to  arrange  the  sediment  in  laminsd 
of  current-bedding,  and  to  separate  the  grains  of  sand  according  to 
their  relative  densities.  We  may  even  now  trace  the  results  of  these 
operations  in  thin  darker  layers  and  streaks  of  magnetic  iron,  zircon, 
and  other  heavy  minerals,  which  have  been  sorted  out  from  the 
lighter  quartz-grains,  as  layers  of  iron-sand  may  be  seen  sifted 
together  by  the  tide  along  the  upper  margins  of  many  of  our  sandy 
beaches  at  the  present  day. 

In  the  same  ancient  formation  there  occur  also  various  intercala- 
tions of  fine  muddy  sediment,  so  regular  in  their  thin  alternations, 
and  so  like  those  of  younger  formations,  that  we  cannot  but  hope 
and  expect  that  they  may  eventually  yield  remains  of  organisms 
which,  if  found,  would  be  the  earliest  traces  of  life  in  Europe. 

It  is  thus  abundantly  manifest  that  even  in  the  most  ancient  of 
the  sedimentary  registers  of  the  earth's  history,  not  only  is  there 
no  evidence  of  colossal  floods,  tides,  and  denudation,  but  there  is 
incontrovertible  proof  of  continuous  orderly  deposition,  such  as  may 
be  witnessed  to-day  in  any  quarter  of  the  globe.  The  same  tale, 
with  endless  additional  details,  is  told  all  through  the  stratified 
formations  down  to  those  which  are  in  the  course  of  accumulation  at 
the  present  day. 

Nut  less  important  than  the  stratigraphical  is  the  pal  aeon  tological 
evidence  in  favour  of  the  general  quietude  of  the  geological  processes 
in  the  past.  The  conclusions  drawn  from  the  nature  and  arrange- 
ment of  the  sediments  are  coiToborated  and  much  extended  by  the 
structure  and  manner  of  entombment  of  the  enclosed  organic  remains. 
From  the  time  of  the  very  earliest  fossiliferous  formations  there  is 
nothing  to  show  that  either  plants  or  animals  have  had  to  contend 
with  physical  conditions  of  environment  different,  on  the  whole, 
from  those  in  which  their  successors  now  live.  The  oldest  trees, 
so  far  as  regards  their  outer  form  and  internal  structure,  betoken  an 
atmosphere  neither  more  teuipestuous  nor  obviously  more  impure 
than  that  of  to-day.  The  earliest  corals,  sponges,  crustaceans, 
moUusks,  and  arachnids  were  not  more  stoutly  constructed  than 
those  of  later  times,  and  are  found  grouped  together  among  the 
rocks  as  they  lived  and  died,  with  no  apparent  indication  that  any 
violent  commotion  of  the  elements  tried  their  strength  when  living 
or  swept  away  their  remains  when  dead. 

But,  undoubtedly,  most  impressive  of  all  the  palsBontological  data 
is  the  testimony  borne  by  the  grand  Huccession  of  organic  remains 
among  the  stratified  rocks  as  to  the  vast  duration  of  time  required 
for  their  evolution.  Professor  Poulton  has  treated  this  branch  of 
the  subject  with  great  fulness  and  ability.  We  do  not  know  the 
present  average  rates  of  organic  variation,  but  all  the  available 
evidence  goes  to  indicate  their  extreme  slowness.  They  may  con- 
ceivably have  been  more  rapid  in  the  past,  or  they  may  have  been 


liable  tfi  fliictuaticrna  according  to  vicisBilndeH  of  environment* 
thoBe  w)li>  SBfert  lliat  [ba  rate  of  liiological  evoliilion  ever  dil  ,_ 
iiialorioUj  from  what  it  may  now  be  interred  to  be,  ought  eurelj  to 
bring  forward  something  more  than  mere  asserlion  in  Ibeir  support. 
In  the  meanlirae,  (ha  most  philosophical  course  ia  un<iouht*dlj 
followed  by  those  biologists  wbo  in  this  mntl^r  rest  tlieir  belief  oa 
their  own  experieiioe  among  recent  and  foB«il  orf^auisms. 

So  oogent  do  t)ieee  gfologioBl  and  pa1  icon  to  logical  ATgumeoU 
appear  to  those  at  least  who  have  taken  the  trouble  to  master  them, 
that  ihey  are  worthy  of  being  employed,  not  in  defence  merely,  but 
in  attaok.  It  seems  to  me  that  they  may  be  used  witb  eSaot  in 
axRailing  llie  stronghold  of  speoulalion  and  asenmplion  in  which  our 
physical  friends  have  onsoonced  IhemaeWes  and  from  which,  wilh 
their  feet,  as  they  believe,  planted  well  within  the  intorior  of  th* 
globe  and  their  heads  in  the  heart  of  the  sun,  ihey  view  with  oom- 
pl«t«  unconcern  the  efforts  made  by  those  who  endeavour  to  gather 
the  truth  from  the  Nurfaoe  and  crust  of  the  earth.  That  portion  of 
the  reoonls  of  terreHtrial  history  which  lies  open  to  our  invesiigation 
has  been  diligently  studied  in  all  parts  of  tlie  world.  A  vast  boiiy 
of  faolB  has  been  gathered  together  from  this  enlended  and  combioeJ 
research.  The  chronicle  registi^red  in  the  etinb'e  crust,  though  nut 
ooroplete,  is  legible  and  consistent.  From  the  latest  to  the  earliest 
of  its  chapters  the  slory  ie  capable  of  clear  and  hartnonione  inter- 
pretation by  a  comparison  of  its  pages  wilh  the  present  condition  of 
thinj^s.  We  kmrn  iiifinirely  nmra  of  the  lii.-tory  of  lliis  enrlh  Ih.m 
we  do  of  the  history  of  the  sun.  Are  we,  then,  to  be  told  tbat  thii 
knowledge,  so  patiently  accumulated  from  innumerable  observations 
and  so  laboriously  co-ordinated  and  classified,  is  to  he  held  of  none 
Bceonnt  in  comparison  with  the  conolusions  of  physical  science  in 
regard  to  the  history  of  the  centra!  luminary  of  our  system  ?  These 
conclusions  are  founded  on  aasuniplions  which  may  or  may  not 
correspond  with  the  truth.  They  have  already  undergone  revision, 
and  they  may  be  still  further  modified  as  our  slender  knowledge 
of  (he  sun.  and  of  the  details  of  its  history,  is  increased  by  future 
investigation.  In  the  meantime,  we  decline  to  accept  tbem  ai 
a  final  pronouncement  of  science  on  the  subject.  We  place  over 
against  them  the  evidence  of  geology  and  psl deontology,  and  affirm 
that  unless  ibe  deductions  we  draw  from  that  evidence  can  be  dis- 
proved, we  are  entitled  to  maintain  them  as  entirely  borne  out  by 
the  testimony  of  the  rocks. 

Until,  therefore,  it  can  be  shown  that  geologists  and  palaMiDto- 
logists  have  misinterpreted  their  records,  they  are  surely  well 
within  their  logical  rights  in  claiming  as  much  time  for  the 
history  of  this  earth  as  the  vast  body  of  evidence  accumulated  by 
them  demands.     So  far  as  I  have  been  able  to    form    an  opinion, 

'  See  an  interesting  nnd  sufj-esliTe  paper  by  ProteBsor  Le  Conle  on  "  Crilic»i 
Pericxinin  theHiftoryof  (ho  Eartb  "  :  Biill.  Dfpt,  Geolngy,  UniTersilT  of  Californii. 
Yol.  i  (181)5),  p.  313.  Alsn  one  bv  Professor  ChamWrlin  on  "  Tbe  Hiterior  Bisia  <A 
Time-divifiiiius  nnd  tlie  Cliuaibcation  ot  UEuluirical  HiHlory  "  :  Juuroid  of  Geoloci, 
Tol.  ri  (1898),  p.  44B. 
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one  hnnrlred  millions  of  years  would  suiSoe  fur  that  portion  of 
the  history  whioh  is  registered  in  the  strati6ed  rooks  of  the  ortiRt. 
But  if  the  palflBontologists  find  such  a  |>eriod  too  narrow  for  tlieir 
requirements,  I  can  see  no  reason  on  the  geological  side  wliy 
they  should  not  be  at  liberty  to  enlarge  it  as  far  as  they  may 
find  to  be  needful,  for  the  evolution  of  organized  existence  ou 
the  globe.  As  I  haTe  already  remarked,  it  is  not  the  length  of  time 
vhich  interests  us  so  much  as  the  determination  of  the  relative 
oh rt oology  of  the  events  which  were  transacted  within  that  time. 
As  to  the  general  succession  of  these  events,  there  can  be  no 
dispute.  We  have  traced  its  stages  from  the  bottom  of  the  oldest 
rocks  up  to  the  surface  of  the  present  continents  and  the  fioor  of 
the  present  seas.  We  know  that  these  stages  have  followed  each 
other  in  orderly  advance,  and  that  geological  time,  whatever  limits 
may  be  assigned  to  it,  has  sufficed  for  the  passage  of  the  long  stately 
procession. 

We  may,  therefore,  well  leave  the  dispute  about  the  age  of  the 
earth  to  the  decision  of  the  future.  In  so  doing,  liowever,  I  should 
he  glad  if  we  would  carry  away  from  it  something  of  greater 
service  to  science  than  the  consciousness  of  having  striven  our 
best  in  a  barren  controversy,  wherein  concession  has  all  to  be  on  one 
side  and  the  selection  of  arguments  entirely  on  the  other.  During 
these  years  of  prolonged  debate  I  have  often  been  painfully 
conscious  that  in  this  subject,  as  in  so  many  others  throughout 
the  geological  domain,  the  want  of  accurate  numerical  data  is 
a  serious  hindrance  to  the  progress  of  our  science.  Heartily  do 
I  acknowledge  that  much  has  been  done  in  the  way  of  meaHurements 
and  experiments  for  the  purpose  of  providing  a  foundation  for 
estimates  and  deductions.  Hut  infinitely  more  remains  to  be 
accomplished.  The  field  of  investigation  is  ahnoHt  boundlesH,  for 
there  is  hardly  a  department  of  geological  dynamics  over  which 
it  does  not  extend.  The  range  of  experimental  gt'ology  must 
be  widely  enlarged,  until  every  process  susceptible  of  illustraticm  or 
measurement  by  artificial  means  has  been  investigated.  Field- 
observation  needs  to  be  supplemented  where  possible  by  instru- 
mental determinations,  so  as  to  be  made  more  precise  and  accurate, 
and  more  capable  of  furnishing  reliable  numerical  statistics  for 
practical  as  well  as  theoretical  deductions. 

The  subject  is  too  vast  for  adequate  treatment  here.  But  let 
me  illustrate  my  meaning  by  selecting  a  few  instances  where  the 
adoption  of  these  more  rigid  methods  of  inquiry  might  power- 
fully assist  us  in  dealing  with  the  rates  of  geological  processes 
and  the  value  of  geological  time.  Take,  for  example,  the  wide  range 
of  lines  of  investigation  embraced  under  the  head  of  Denudation. 
So  voluminous  a  series  of  observations  has  been  made  in  this  subject, 
and  so  ample  is  the  literature  devoted  to  it,  that  no  department  of 
geology,  it  might  be  thought,  has  been  more  abundantly  and  success- 
fully explored.  Yet  if  we  look  through  the  pile  of  memoirs,  articles, 
and  books,  we  cannot  but  be  struck  with  the  predominant  vagueness 
of  their  statements,  and  with  the  general  abftv^n^  qI  ^vic^^  \v\\v^vr{\v^ 
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(Jiit«  defennineil  l>y  accurate,  syslemalic,  and  proloogei!  meatim- 
iiiHiit  as  wuLild  aliiiie  furnish  a  satislactory  basis  for  compiiiatinn* 
ol'  the  rate  at  whiuh  dfuurlation  takes  place.  Some  Jiitilramennl 
observations  oF  the  greatest  value  hiivs  indeed  been  made,  half 
tlie  luoat  part  obaervationa  of  Ihia  kind  have  been  too  uiefigie  41 
dtiiiiltory. 

A  little  oonaideration  nil]  show  timt  in  all  bi-anahea  of  Um 
investigation  of  denudation  opportuuiliea  present  ibrniBelves  ui 
every  side  of  testing.  Ijy  accurate  instrumental  obaervation  ttid 
roensiiremeut,  the  rate  at  which  euine  of  the  most  univerHul  procesui 
iu  the  geological  r4ginie  of  our  globe  are  carried  on. 

Jt  huH  long  been  a  cotti  man  place  of  geology  that  the  auoimt  of 
the  maleria]  removed  in  etispenBioo  and  eolulion  by  rivera  fiirnishM 
a  clue  to  the  rote  of  denudatiOD  of  the  regions  drained  by  the  river* 
But  how  unequal  Id  value,  and  geoerally  bow  insufficient  io  precisim, 
are  the  observations  on  this  topic  I  A  few  rivers  have  been  mc 
less  systematically  examined,  some  widely  varying  results  have  been 
obtained  from  the  observations,  and  while  enough  has  been  obtained 
Io  «huw  the  interest  and  importance  of  the  method  of  research,  i 
adequate  supply  of  materials  has  been  gathered  for  the  purpwes  uf ' 
accurate  deduuiion  and  generalization.  Wbat  we  need  is  a  carefully  ' 
organized  series  of  obaervaliona  carried  out  on  a  uniform  plan.  ov»r 
a  sufScient  niiniher  of  years,  not  for  one  river  only,  but  for  all  the 
important  rivers  of  a  oountry,  and,  indeed,  for  all  the  greater  rivers 
of  each  continent.  We  ought  to  know  ae  accurately  as  posaibte 
the  extent  of  the  drainage-area  of  each  river,  tbe  relations  of 
river- discharge  to  rainfall  and  to  other  meteorological  ns  well 
as  topographiaal  oomiiliuaa  .-  tbo  variation  iii  iho  proporliUDH  of 
mechanical  and  chemical  impurities  in  the  river-water  according 
to  geological  formations,  form  of  the  ground,  season  of  the  year,  and 
climate.  The  whole  geological  regime  of  each  river  should  b» 
thoroughly  studied.  The  admirable  report  of  Messrs.  Humphreys 
and  Abbot  on  the  "  Physics  and  Hydraulics  of  the  Missiaitippi," 
published  in  \^fi\,  might  well  serve  as  a  model  for  imitation, 
though  these  observers  necessarily  occupied  themselves  with  aome 
questions  which  are  not  apeoially  geological  and  did  not  enter  into 
iithers  on  which,  aa  geologists,  we  should  now  gladly  have  further 
information. 

Again,  the  action  of  Glaciers  has  still  less  been  subjected  to 
prolonged  and  systematic  observation.  The  few  data  already 
obtained  are  so  vague  that  we  may  be  said  to  be  still  entirely 
igiioritiit  of  the  rate  at  which  glaciers  are  wearing  down  their 
channels  and  contrihnting  to  the  deuudation  of  (he  land. 

The  whole  of  this  inquiry  is  eminently  suitable  for  combined 
research.  Each  stream  or  glacier,  or  each  welUmarked  section  iif 
one.  might  become  the  speoiul  inquiry  of  a  single  observer,  who 
would  soon  develop  a  paternal  interest  in  his  valley  and  vie  with  hi> 
colleagues  of  other  valleys  in  the  fulness  and  accuracy  of  his  records. 

Nor  is  our  information  respecting  the  operations  of  the  Sea  much 
more  precise.     £veu  iu  au   isluud  like  Great  Britain,   where  the 
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waves  and  tides  effect  so  maob  change  within  the  space  of  a  hainaii 
lifetime,  the  estimates  of  the  rate  of  advance  or  retreat  of  the  shore- 
line are  based  for  the  most  part  on  no  accurate  determinations.  It  is 
satisfactory  to  be  able  to  announce  that  the  Council  of  this 
Association  has  formed  a  (Committee  for  the  purpose  of  obtaining 
full  and  accurate  information  regarding  alterations  of  our  coast8, 
and  that  with  the  sanction  of  the  Lords  of  the  Admiralty  t1i*3 
oo-operation  of  the  Coastguard  throughout  the  three  kingdoms  has 
been  secured.  We  may  therefore  hope  to  be  eventually  in 
possession  of  trustworthy  statistics  on  this  interesting  subject. 

The  dirtintegration  of  the  surface  of  the  land  by  the  combined 
agency  of  the  Snbaerial  forces  of  decay  is  a  problem  which  has  been 
inoch  studied,  but  in  regard  to  whose  varying  rates  of  advance  n(»t 
much  has  been  definitely  ascertained.  The  meteorological  conditiouA 
under  which  it  takes  place  differ  materially  according  to  latitude  and 
climate,  and  doubtless  its  progress  is  equally  variable.  An  obvious 
and  useful  source  of  information  in  regard  to  atmospheric  denudations 
is  to  be  found  in  the  decay  of  the  material  of  buildings  of  which  the 
time  of  erection  is  known,  and  in  dated  tombstones.  Twenty  years 
ago  I  called  attention  to  the  rate  at  which  marble  gives  way  in  such 
a  moist  climate  as  ours,  and  cited  the  effects  of  subaerial  waste  as 
these  can  be  measured  on  the  monuments  of  our  graveyards  and 
cemeteries.^  I  would  urge  upon  town  geologists,  and  those  in  the 
country  who  have  no  opportunities  of  venturing  far  afield,  that  they 
may  do  good  service  by  careful  scrutiny  of  ancient  buildings  and 
monuments.  In  the  churchyards  they  will  find  much  to  occupy 
and  interest  them,  not,  however,  like  Old  Mortality,  in  repairing 
the  tombstones,  but  in  tracing  the  ravages  of  the  weather  upon  them, 
and  in  obtaining  definite  measures  of  the  rate  of  their  decay. 

The  conditions  under  which  subaerial  disintegration  is  effected  in 
arid  climates,  and  the  rate  of  its  advance,  are  still  less  known,  seeing 
that  most  of  our  information  is  derived  from  the  chance  observations 
of  passing  travellers.  Yet  this  branch  of  the  subject  is  not  without 
importance  in  relation  to  the  denudation  not  only  of  the  existing 
terrestrial  surface  but  of  the  lands  of  former  penods,  for  there  is 
evidence  of  more  than  one  arid  epoch  in  geological  history.  Here, 
again,  a  diligent  examination  of  ancient  buildings  and  monuments 
might  afford  some,  at  least,  of  the  required  data.  In  such  a  country 
as  Egypt,  for  instance,  it  might  eventually  he  possible  to  determine 
from  a  large  series  of  observations  what  has  been  the  average  rate  of 
surface-disintegration  of  the  various  kinds  of  stone  employed  in 
human  constructions  that  have  been  freely  exposed  to  the  air  for 
several  thousand  years. 

Closely  linked  with  the  question  of  denudation  is  that  of  the 
Deposition  of  the  material  worn  away  from  the  surface  of  the  land. 
The  total  amount  of  sediment  laid  down  must  equal  the  amount  of 
material  abstracted,  save  in  so  far  as  the  soluble  portions  of  that 
material  are  retained  in  solution  in  the  sea.  But  we  have  still 
much  to  learn  as  to  the  conditions,  and  especially  as  to  the  rate  of, 

*  Proc.  Roy.  Soc.  Edin.,  vol.  x  (1879-80),  p.  518. 
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Belli  mentHtion.  Nor  lioea  there  nppear  lo  lie  mncli  hope  of  my 
<»)hHirleiab]e  iticreaae  to  oiir  knowlcd^  unlil  the  subjtrct  is  lakeD  ap 
in  enrncHt  b8  one  deiuaiidiiig  niid  juBtiTying  a  prulimgei]  Beri»s  w 
well-planned  and  carefully  executed  observations.  We  have  yel  to 
iliscijver  the  different  rntea  of  deposit,  under  the  varying  oonditiooa 
in  which  it  is  carried  on  in  lakee,  eBtuaries,  and  the  sea.  What,  Fot 
instance,  would  bo  a  fair  average  for  the  rate  at  whioh  the  lakes  of 
enah  country  of  Europe  are  now  being  silted  up?  If  this  rate  wen 
asoertaioed,  and  if  the  amount  of  material  alrendj  depoaited  in  theM 
hufing  were  determined,  we  ahimld  he  in  posHeasiun  of  data  for 
estimating  not  only  the  prohable  time  when  the  lakes  will  diaappetfi 
but  also  the  approiimate  date  at  whicli  they  oame  into  eiLietenue. 

But  it  is  not  merely  in  regard  to  ejiigene  changes  that  fiiTth«r 
more  extended  and  concerted  observation  is  needed.  Even  among 
GiihlerraneHu  niovenienis  there  are  some  which  might  be  watched 
and  recorded  with  far  more  care  and  contiauily  than  have  ever  been 
attempted.  The  researches  of  Professor  Geo rtre  Darwin  and  oihen 
have  shown  bow  ooiietant  are  the  tremors,  luinnte  hut  meaaurabio, 
til  which  the  crust  of  the  earth  is  subject.'  Do  these  phenomena 
indicate  displaoeroents  of  the  cruet,  and,  if  so,  what  in  the  lapse  of 
a  century  is  their  cumulative  effect  on  the  Rurfaoe  of  the  land  ? 

More  momentous  in  their  consequences  are  the  disturbances  wbioh 
traverse  mountain -chains  and  find  their  most  violent  expression  ia. 
sbocks  ol  earthquake.  The  effect  of  such  shocks  have  been  studied 
and  recorded  in   many   parts  of  the  world,   but  tiieir  cause  is  still 

the  same  operation  which  at  first  gave  birth  to  the  iDOantwus? 
Should  they  be  regarded  as  symptoms  of  growth  or  of  collapse? 
Are  they  accompanied  with  even  the  slightest  amount  of  elevation 
or  depression?  We  cannot  tell.  But  these  questions  are  probably 
susceptible  of  some  more  or  less  definite  answer.  It  might  be 
possible,  for  instance,  to  determine  with  extreme  precision  the  beight* 
above  a  given  datum  of  various  fixed  points  along  such  a  chain  as 
tbe  Alps,  and  by  a  series  of  minutely  accurate  roeasuremenlB  to 
detect  any  upward  or  downward  deviation  from  theae  heights. 
It  is  quite  conceivable  that  throughout  the  whole  bistorioal 
period  some  deviation  of  this  kind  has  been  going  OD, 
though  so  slowly,  or  by  such  slight  increments  at  each  period  of 
renewal,  as  to  et-cnpe  ordinary  observation.  We  might  thus  leara 
whether,  after  an  Alpine  earthquake,  an  appreciable  difference 
of  level  is  anywhere  discoverable,  whether  the  Alps  as  a  great 
mouu  tain -chain  are  still  growing  or  are  now  subsiding,  and  we 
might  be  able  to  ascertain  the  rate  of  the  movement.  Although 
I'hanges  of  this  nature  may  have  been  too  slight  during  baman 
experience  to  be  ordinarily  appreciable,  tbeir  very  insigoificanoo 
seems  to  me  to  supply  a  strong  reason  why  they  should  be  songht 
for  and  carefully  measured.  They  would  not  tell  us,  indeed, 
whether  a  mountain -chain  was  called  into  being  in  one  gigantio 
convulsion,  or  was  rained  at  wide  intervale  by  successive  uplifts, 
1  HepoA^iA,  fc.nQt.,\.Wi.,^.«. 
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or  was  slowly  elevated  by  one  prolonged  and  oontinnons  movement. 
Bat  they  might  famish  us  with  sags^tive  information  as  to  the 
rate  at  whioh  upheaval  or  depression  of  the  terrestrial  orust  is  now 
g^ing  on. 

The  vexed  questions  of  the  origin  of  Raised  Beaohes  and  Suilk 
Forests  might  in  like  manner  be  elucidated  by  well-deviseil  measure- 
ments. It  is  a<«tonishing  upon  what  loose  and  unreliable  evidence 
the  elevation  or  depression  of  ooast-lines  has  often  been  asserted. 
On  shores  where  proofs  of  a  recent  change  of  level  are  observable  it 
woald  not  be  difficult  to  establish  by  accurate  observation  whether 
any  snch  movements  are  taking  plaoe  now,  and,  if  they  are,  to 
determine  their  rate.  The  old  attempts  of  this  kind  along  the  coasts 
of  Scandinavia  might  be  resumed  with  far  more  precision  and  on 
a  much  more  extended  scale.  Methods  of  instrumental  research 
have  been  vastly  improved  since  the  days  of  Celsius  and  Linnasus. 
Mere  eye-observations  would  not  supply  sufficiently  accurate 
results.  When  the  datum-line  has  been  determined  with  rigorous 
accuracy,  the  minutest  changes  of  level,  such  as  would  be  wholly 
inappreciable  to  the  senses,  might  be  detected  and  recorded.  If  such 
a  system  of  watch  were  maintained  along  coasts  where  there  is 
reason  to  believe  that  some  rise  or  fall  of  land  is  taking  place, 
it  would  be  possible  to  follow  the  progress  of  the  movement  and  to 
determine  its  rate. 

But  I  must  not  dwell  longer  on  examples  of  the  advantages  which 
geology  would  gain  from  a  far  more  general  and  systematic  adoption 
of  methods  of  experiment  and  measurement  in  elucidation  of  the 
problems  of  the  science.  I  have  referred  to  a  few  of  those  which 
have  a  more  special  bearing  on  the  question  of  geological  time,  but 
it  is  obvious  that  the  same  methods  might  be  extended  into  almost 
every  branch  of  geological  dynamics.  While  we  gladly  and  gratefully 
recognize  the  large  amount  of  admirable  work  that  has  already  been 
done  by  the  adoption  of  these  practical  methods,  from  the  time  of 
Hall,  the  founder  of  experimental  geology,  down  to  our  own  day,  we 
cannot  but  feel  that  our  very  appreciation  of  the  gain  which  the 
science  has  thus  derived  increases  the  desire  to  see  the  practice  still 
further  multiplied  and  extended.  I  am  confident  that  it  is  in  this 
direction  more  than  in  any  other  that  the  next  great  advances 
of  geology  are  to  be  anticipated. 

While  much  may  be  done  by  individual  students,  it  is  less  to  their 
single  efforts  than  to  the  combined  investigations  of  many  fellow- 
workers  that  I  look  most  hopefully  for  the  accumulation  of  data 
towards  the  determination  of  the  present  rate  of  geological  changes. 
I  would,  therefore,  commend  this  subject  to  the  geologists  of  this  and 
other  countries  as  one  in  which  individual,  national,  and  international 
co-operation  might  well  be  enlisted.  We  already  possess  nn 
institution  which  seems  well  adapted  to  undertake  and  0(»ntrol 
an  enterprise  of  the  kind  suggested.  The  International  Geologioal 
Oongress,  whioh  brings  together  our  associates  from  all  parts  of  the 
globe,  would  confer  a  lasting  benefit  on  the  science  if  it  could 
organize  a  system  of  combined  observation  in  au^  lAn^^b  ^^\i<&  ^H.  *^(^ 
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(lepnrtinantB  of  inquiry  whiiili  I  have  initicateiJ  or  in  any  otlier  wli"'h 
iiiit^lit  be  selciateil.  We  neeil  not  at  firet  l)e  too  uinbitioU!.  llie 
Miiipteal,  enHiest,  sad  leiut  cnntly  aeries  of  obaervationa  might  ha 
iliiiBen  for  a  beginning.  The  work  might  be  <iisiribnt«d  among 
the  different  countriee  repi-espnted  in  the  Cungreiw.  EkcIi  n»ti«i 
wiiiih]  he  entirely  free  in  its  selectioa  of  subjects  for  inveatigatiun, 
and  would  have  the  stitiiulus  of  co-operatiun  with  other  iiaiians  in. 
itH  work.  The  Congress  witt  hold  its  triennial  gathering  next  yesr 
in  Pariii,  and  if  snoh  an  nrgHni^ntion  uf  reseamh  as  I  have  suggestrff 
CJUld  then  be  inaiigii rated,  a  great  inipcliia  wonlil  thereby  he  |{ivMl 
ti>  geological  renearob,  and  France,  again  becnme  the  birthplaot:  of 
another  scientilio  rooveinent,  wuuld  acquire  a  freah  claim  to  tfaa 
ailiniralian  and  gratitude  of  geoliigiBts  in  every  part  of  the  globe. 


II.  —  British  Assooiatioh  for  thk  Adtancrxicnt  of  Soirhck 
Sixty-ninth  Annual  Meeting,  held  at  Dover,  September  14-20^ 
1899. 

List  or  Papbub  kkas  in  Sbotioh  C,  (Seoloot. 
Sir  AacHiuALD  Gukie,  D.C.L.,  F.R.8.,  F.O.S.,  Piwidest. 
rresidential  Address  by  Sir  A.  Geikie  (read  ISth  September). 
S.   Ethtrridge.  F.R.S.  —  On  the   KuUtiona  between  the  Dover  snill 

Franco- Belgian  Coal-BosinK. 
Trofensor  W.  Boyd  Dauikim,  F.B.5.  — On  the  South-E«»tern  Coalfield.' 
A.J.Juktt.Brovme.  —  Hiule  on  a  Boring  through  the  Chalk  and  Gault 

near  Dieppe. 
Waleoi  Qib»ot>, — Some  recent  Work  among  the  Upper  Carhoniferona 

of  North  3t4iffOTdsbire  and  its  Bearings  on  oonoualed  Coalfields. 
E  Greetitj/. — Report  of  the  Committee  ou  the  Drift  Sections  at  Hoel 

C.  B.  (Feii.— Note  on  Barium  Sulphate  in  the  Buuter  Sandatooe  ol 

North  Staffordshire. 
Pro/tMor  J.  Milne,  F.B.S. — Report  of  the  Committee  on  Seiamologioat 

Investigations. 
Profeuor  H.  A.  Mien,  F.B.S.— Report  of  the  Committee  on  the 

Structure  of  Crystals. 
E.  J.  Gnneood. — Report  of  the  Committee  on  Life  Zonea  in  Britiah 

Carboniferous  Rocks. 
J)r.  A.  W.  ifewe.— The  Photo- Micrography  of  Opaqne  Objects  W 

applied  to  Delineation  of  the  Mitiute  Structure  of  Fossils.  (Lantern.) 
Dr.  G.  Abbott. —ViAtoT  Zones:  their  Influeaoe  ou  the  Situation  and 

Growth  of  Concreliona.     (Lantern.) 

Tubular  and  Concentric  Concretions.     (Lantern.) 

E.  Greeiili/. — On  Photographs  of  Sandstone  Pipes  in  tba  Carboniferons 

Limestone  at  Dwlhau  Point,  East  Anglesey.     (Lantern.) 

.  Glauiatioo  of  Dwibau  Point,  East  Anglesey.     (Lantern.) 

P.  F.  Kendall. — Extra-Moraiuio  Drainage  in  Yorkshire.     (Lantern.) 

'  ProfauoT  W.  Boyd  Dmluna'  dio^ms  it  the  aew  coal  boriaga  in  Kent  wgn  «■ 
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J,  LomaB, — On  the  Origin  of  Lateral  Moraines  and  Book  Trains. 

(Lantern.) 
Professor   W.  J.   Sottas,  F.B.5.— Note  on   the   Origin    of    Flint. 

(Lantern.) 
Dr,  H.  J.  Johnston' Lavis, — ^The  Structure  of  Oolite  and  Calcareous 

Confetti.     (Lantern.) 
Bev.  G,  C,  H,  Pollen. — Report  of  the  Committee  on  the  Ty  Newydd 

Caves.     (Lantern.) 
Professor  T,  Rupert  Jones,  F.B.8, — Report  of  the   Committee  on 

PaisBozoic  Phyllopoda. 
Professor  W.  J.  Sottas,  F.B.S. — On  Homotaxy  and  Contemporaneity. 
ProfesBor  W.  W.  Watts, — On  the  Rounded  Surfaices  of  the  Mount 

Sorrel  Granite. 
Professor  A.  Benard. — On  the  Origin  of  Chondritio  Meteorites. 
Captain  MeDakin, — On  Coast  Erosion.     (Lantern.) 
O.  J)owker, — Coast  Erosion.     (Lantern.) 
W.  Whitaker,  F,B,8, — Preliminary  Report  on  (]!oast  Erosion. 
Vaughan  Cornish, — On  Photographs  of  Wave  Phenomena.    (Lantern.) 
Dr.    Tempest  Anderson, — Note  on   the  Eruption    of    Vesuvius    in 

September,  1898.     (Lantern.) 
Professor  O.  Platama, — On  Mount  Etna  and  its  recent  Yoloanio 

Phenomena. 
Professor  P.  F.  Kenddtt, — Investigation  of  the  Underground  Waters 

of  Craven.     Part  I :  The  Sources  of  the  Aire.     (Lantern.) 
Professor  W,  Boyd  Dawkins,  F.B,S, — On  the  Geology  of  the  Channel 

Tunnel. 
F.  W.  ffarmer. — On  a  proposed  New  Classification  of  the  Pliocene 

Deposits  of  the  Eiast  of  England. 
■  The  Meteorological  Conditions  of  North- Western  Europe 

during  the  Pliocene  and  Glacial  Periods. 
Professor    W,    W,    Watts, — Report   of  the  Committee   on   British 

Photographs  of  Geological  Interest^ 
BefD,  J,  M.  Metto,  —  A  note  on  some   Palaeolithic  Implements  of 

North  Kent 
P,  M,  C  Kermode, — Report  of  Committee  on  Irish  Elk  Remains  in 

the  Isle  of  Man. 
Professor  A,  P,  Coleman, — Report  of  the  Committee  on  the  Flora 

and  Fauna  of  the  Interglacial  Beds  in  Canada. 
Mrs,  Maria  M.  {Ogilvie)  Gordon,  JD.Se, — On  Sigmoidal  Curves  in 

the  Earth's  Crust. 
H.  Bolton, — Report  of  the  Committee  on  the  Ossiferous  Caves  at 

UphilL 
Professor  P,   F,   Kendall, — Report  of  the  Committee  on    Erratic 

Blocks  of  the  British  Isles. 
Dr.  H.  M,  Ami. — On  the  Subdivisions  of  the  Carboniferous  System 

in  certain  portions  of  Nova  Scotia. 
A,  Smith  Woodward. — Report  of  the  Committee  on  the  Registration 

of  Type  Specimens. 

^  A  series  of  geological  photographs  was  exhibited  by  the  Committee  for  the 
CoUectioii  and  Preseryation  of  Geological  Photographs  in  the  Committee  iioom. 
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III. — A  Paleozoic  Tkheanb  bknkath  thb  Oamobian.     By  Gv>.  7. 
Mattiibw.       [Anuais   New    York  Acad.   Sci.,  vol,  xii.   No.  2, 

pp.  41-56.] 
ri'HIS  arlicle  deacribes  hu  ancouformabie  serieB  of  ruoki  below  At 
\  true  Canibrinn  inenaiireH,  conlttining  ParadozidfM  and  A^ruvlai 
ttrenuiit,  aud  theiefure  claimetl  lo  be  pre -Cambrian,  lite  serioB  Iim 
beeu  iibserved  in  Cana<la  (Soiilhern  New  Brunswick)  anil  New- 
foundland, io  bolb  of  which  oounlriea  the  erosion  of  the  nnJerlyiug 
terraoe  (EtcbeiiiiiiirtD)  to  a  greater  or  leaa  extent  had  uuourred  b«fara 
the  deposition  of  the  Cambrian. 

liemaiita  of  a  fauna  had  been  found  in  tbesa  beds  in  New 
Brunswick,  but  only  of  a  frBgiuentary  kind,  and  only  low  organiKml 
had,  aa  a  rule,  been  reeogiiiKed.  The  Newfoundland  beda  yielded 
better  reitults,  and  Mr.  Matthew  now  reourds  from  the  terrane  tha 
following  forma ; — 

Hyoliihe*  2  species,  Orlholheca  4  Bp.,  JJrotheea  (n.gen.)  1  IpT 
Afityehopsii  1  sp.,  Kutorgina  (?)  1  ap.,  Oholella  I  cp.,  Obolat  1  ep,, 
Coleoidet  1  ep.,  Ili/olithellui  2  ap.,  Hfltnia  1  ap.,  Polaaomaa  1  ap., 
Setnella  2  ap.,  Plutyctrai  3  ap.,  Modiolojiiii  1  ap..  PlatyMoleniU*  (?) 
1  ep.  Besides  these  there  are  fragments  of  Cyatidians  and  burroM 
and  trails  of  worms. 

"The  uniformity  of  conditions  attending  the  deposition  of  th» 
Etobeminian  throughout  the  Atlaniio  Coast  province  ot  theOanibrias 
is  surprising,  and  point  to  a  quiescent  period  of  long  oontinuanoe, 
during  which  the  nyolilhido)  and  CHpnIiila,  deveh>ped  ho  ae  to 
lu'come  the  dnminant  types  of  tlie  animni  world,  while  the 
Braohiopods,  the  Lainetlibrancbs,  and  the  other  Gaateropoda  itiU 
were  puny  and  in  significant." 


E.  Bl  "V  I  S  TW  S. 

L— Thk  Surtbt  Memoir  on  the  Soottibh  Uplands.' 

I  HAVE  been  .  requested  by  my  friend  the  Editor  of  the 
Qbolooioal  Magazine  to  review  Ihia  latest,  finest,  and  moat 
original  of  the  monographs  issued  by  the  British  Geological 
Survey;  and  although  for  many  reasone  I  should  have  preferred 
(hat  the  request  had  been  made  to  some  younger  geologist,  and  one 
less  personally  interested  in  the  subject,  yet  as  an  old  worker 
in  Ihe  Upland  region  to  which  the  volume  is  devoted,  bd  opponent 
of  the  old  ideas  of  the  succession,  and  an  advocate  of  the  uew, 
1  have  no  choice  but  to  comply. 

Id  the  first  place  attention  must  be  directed  to  the  great  advanc« 
whioh  this  monograph  shows  upon  the  previous  Survey  publica- 
tions of  the  corresponding  type  as  regards  eiternal  get-up,  paper, 
printing,  illustrations,  and  last,  but  by  no  means  least,  leasonablenesa 
in  price.     We  have  here  a  handsome  volume,  a  large  octavo  of  some 
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750  pages,  printed  olearly  upon  good  paper,  illustrated  by  about 
120  outs  of  seotions,  sketoh  plans,  and  the  like  scattered  through 
the  letterpress,  together  with  18  full-page  plate  reproductions  of 
ezoellent  photographs  of  typical  field-sections  and  field-structures, 
all  printed  in  a  manner  to  do  them  full  justice ;  while  in  addition  we 
have  seTen  equally  good  full-page  reproductions  of  microphoto- 
graphio  rock-structures  collected  at  the  eud  of  the  volume,  two 
full  -  page  plates  of  fossils,  and  a  coloured  index  map  and  index 
sections  of  the  region  surveyed  ;  and  all  for  the  modest  price  of  los. 
It  is  to  he  hoped  that  now  the  Survey  ofiioers  have  thus  demonstrated 
the  possibility  of  issuing  to  the  public  a  work  in  all  these  respects 
worthy  of  the  Survey,  they  will  insist  that  no  future  monograph 
■hall  fall  below  this  standard. 

For  this  is  precisely  as  it  should  be.  It  is  but  reasonable,  to 
say  the  least,  that  this  national  Survey,  the  current  cost  of  which 
is  borne  by  the  people,  should  do  its  utmost  to  publish  its  results 
in  the  form  roost  attractive  and  beneficial  to  the  people,  and  at  the 
lowest  possible  price ;  that  the  results  of  the  Survey  work — their 
maps  and  their  memoirs — should  be  taken  advantage  of  by  as  large 
a  number  of  people  as  possible,  not  only  for  the  sake  of  the 
advancement  of  the  material  prosperity  of  the  country,  but  for  the 
sake  of  the  progress  and  influence  of  British  geological  knowledge 
at  large. 

To  lovers  of  British  geology  it  is  mortifying  to  acknowledge 
bow  few  persons,  educated  or  uneducated,  know,  or  care  to  know, 
anything  of  that  science  which  of  all  sciences  is  the  one  pre- 
eminently British.  And  yet  how  naturally  does  every  well-read 
geologist,  not  only  British,  but  foreign,  accept  it  as  a  trite  and 
open  secret  that  the  primal  source  and  foundation  of  the  upward 
progress  of  our  country,  from  the  days  of  the  great  Elizabeth 
to  those  of  the  greater  Victoria,  has  been  the  vast  store  of  mineral 
wealth  that  Nature  has  placed  around  the  homes  and  under  the  very 
feet  of  our  people — a  store  of  mineral  wealth  which,  when  contrasted 
with  the  insignificant  size  of  the  country,  is  equalled  in  no  other  land 
under  the  sun.  Talk  of  the  great  landed  nobles  as  we  may,  boast  of 
the  sturdy  yeomen  of  the  land  and  the  hardy  sailors  of  the  seas, 
yet  at  the  back  of  them  all,  back  of  all  our  national  progress  and 
prestige,  lie  the  great  coalfields  and  ironfields.  that  have  founded 
and  fed  the  great  manufacturing  districts.  These  in  their  turn  have 
furnished  employment  and  subsistence  to  our  teeming  populations, 
have  brought  wealth,  leisure,  influence  to  our  middle  classes;  and 
have  afforded  to  the  nation  at  large  the  means  of  trade  and  inter- 
oommunioation  at  home,  of  transport  and  commerce  on  the  seas,  and 
of  conquest  and  colonization  abroad. 

And  how  thoroughly  does  every  well-seasoned  British  geologist 
know  that  the  vast  extent  and  sway  of  our  political  British  empire, 
upon  which  we  boast  that  the  sun  never  sets,  is  more  than  paralleled 
by  the  worldwide  rule  and  dominance  of  the  British  empire  of 
geological  principles  and  ideas — an  empire  to  which  every  geologist 
living   takes   by  iiiiplicalion   the   oath  o[    alU^vvAiQ^  Vk<^    ^v^  V^ 
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becomes  n  geologist  The  host  of  Iba  polilicsl  BrifiHb  ooloniea  mi 
yuBBean'iuait  ncMiartni  over  tlie  ountiueiiU  nnd  tlie  oceoiii,  what  ora 
tliey  to  the  host  of  British  coloniatt  and  eetllements  scattered 
throughout  the  geohigioal  liternture  and  practice  of  the  eatira 
geological  wgrld  ?  Not  a  single  map  of  auy  large  district  issued 
by  the  Geologioul  Survey  of  any  country,  not  a  geological  teik 
book  piililiMbad  in  any  liuiguage,  not  a  geological  lecture  dt<liver«d 
by  any  teacher,  or  a  geological  paper  read  by  any  amateur,  from 
London  to  Tokio,  from  the  Sl  Lawrenoe  to  the  Plata,  but  slioin< 
how  the  geological  nomenolature  of  every  land  has  been  colonizsd 
verbally  by  British  settlers,  who,  in  their  sTiff,  Belf-Bufficieat, 
masterful  way,  enforce  order  and  contentment  among  the  aborigines 
around. 

Of  course,  to  the  old  geological  band  all  these  things  are  but< 
prosy  platitudes — oontetnptible  because  they  are  so  familiar.  Bat 
who  knows?  Some  day,  perhaps,  may  arise  a  Kipling,  who  ^aH 
suddenly  touch  with  them,  burning,  the  hearts  of  the  {)eople,  that 
they  may  open  their  eyes  and  see. 

In  the  meantime,  however,  it  is  good  to  know  that  the  Rcienoe  of 
geology  is  still  advanoing  amongst  us  from  diecoveiy  to  disooveij, 
that  the  amateur  geologist  is  slill  one  of  the  natural  products  of  th* 
British  soil.  It  is  pleasant  also  to  note  how  the  national  Qeulogioai; 
Survey  issues  year  after  year  its  maps  and  its  memoirs,  not  only, 
those  dealing  with  areas  well  known  of  old  to  b6  oonspiouoUB  for 
their  fttiuiidsnt  mineral  resources,  or  fruitful  in  geological  interest, 
but  also  with  areas  which  for  the  time  being  mny  seem  to  be  hut 
barren  and  desolate  solitudes  in  both  regards.  And  this,  again, 
is  but  right.  Who  among  the  ofBcers  of  those  surveying  ehipa 
of  Britain,  sent  out  a  century  or  two  ago  to  map  the  unknowa 
coasts  of  America,  Africa,  and  Australia,  imagined  even  in  their 
wildest  dreams  that  the  lonely  lands  they  outlined  would,  in  tlw 
no  long  distant  future,  teem  with  English -speaking  populations,  tbs 
pride  of  the  mother  country,  and  rich,  powerful,  and  prosperous,  for 
whose  safe  and  certain  advent  these  early  surveys  had  prepar«d  th* 
road  ?  Who,  again,  among  British  geologists,  official  or  non-offioial, 
can  take  upon  himself  to  aay  what  hosts  of  new  and  important 
geological  facte,  rich  in  new  deductions  destined  to  advance  the 
honour  of  British  science,  or  to  add  to  the  wealth  of  the  oountry, 
intellectual  or  material,  may  not  follow  from  the  oareful  mapping 
of  apparently  unpromising  areas  ? 

We  have,  indeed,  a  very  good  illustration  of  this  in  the  CMS 
of  the  region  described  hy  the  memoir  we  are  reviewing.  The 
Oeologicul  Surveyors,  as  in  duty  bound,  practically  deferred  the 
complete  mapping  of  this  apparently  nnproroising  region  until  all 
the  neighbouring  parts  of  Scotland,  rich  in  materials  of  eoonomia 
value,  had  been  surveyed  and  mapped.  Stage  hy  stage,  howeTor, 
the  Upland  work  has  been  taken  up,  until  at  last  we  have  a  com- 
plete outline  pioture  of  the  structure  and  possibilities  of  the  region. 
And  in  place  of  the  older  view  of  the  unpromising  nature  of  its 
geological    foimalioua  lh«3  e.Ta  'iuvkoti  Ui  ^  >«un.d«rtnily  rich  in 
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geolofirioal  faots  and  phenomena,  needing  for  their  explanation  and 
classification  a  new  race,  so  to  speak,  of  unexpected  geological 
conclusions  and  principles,  destined  to  play  an  important  part  in  the 
future  of  British  geology. 

In  their  original  mapping  of  the  Uplands,  between  1854  and  1873, 
the  officers  of  the  Survey  followed  the  familiar  formational  or  regional 
])lan  of  working  out  the  succession,  classing  each  broad  geographical 
belt  of  strata  having  as  a  whole  special  and  characteristic  lithological 
features  as  the  outcrop  of  a  distinct  rock  group  or  formation,  fixing 
its  relative  place  in  the  general  series  of  such  formations  by  its 
visible  superposition,  and  its  approximate  geological  age  by  its 
collective  fauna;  a  method  which  had  proved  itself  in  every  case 
fully  adequate  for  the  ascertainment  of  the  true  sequence  among  the 
Lowland  formations  of  Britain,  and  even  among  the  tilted  Silurian 
rocks  of  Wales,  the  North  of  England,  Lanarkshire,  and  the  Pentlands. 
Combining  the  work  of  all  their  predecessors  with  the  results  of 
their  own  researches,  and  interpreting  the  whole  in  this  way,  they 
concluded  that  the  strata  of  the  Uplands  dipped  ofif  a  grand  anti- 
clinal form  ranging  from  Dumfries  to  St.  Abbs,  and  that  its  highest 
formation,  the  geological  age  of  which  was  fixed  by  its  Garadoc 
fossils,  lay  in  the  lap  of  a  synclinal  form  running  through  the 
Leadhills  to  the  Moorfoots.  Between  the  anticlinal  line  and  the 
synclinal  form  occurred  a  series  of  seven  rock-groups  or  sub- 
formations  :  (1)  the  axial  or  Ardwell  beds,  (2)  the  Moffat  Black 
Shales,  (3)  the  Queensberry  Grits,  (4)  the  Dalveen  Group,  (5)  the 
Lowther  Shales,  (6)  the  Leadhills  Black  Shales,  and  (7)  the 
Carsphaim  Grit  Group.  These  were  all  classed  as  being  of 
Llandeilo  age,  for  most  of  them  afforded  certain  well-known 
Llandeilo  graptolites.  It  was  true  the  strata  were  often  so  folded 
that  it  was  impossible  to  say  whether  we  were  ascending  or 
descending  in  the  order  of  the  beds,  but  the  general  sequence 
appeared  evident  enough.  It  was  true  that  with  the  Llandeilo 
graptolites  were  often  intermixed  forms  known  in  so-called 
Caradoc  and  higher  strata  in  other  parts  of  Britain,  but  the  well- 
known  and  generally  accepted  Theory  of  Colonies  of  the  illustrious 
Barrande  was  supposed  by  many  to  afford  a  very  simple  and 
natural  explanation  of  such  anomalies. 

But  the  facts  ascertained  and  the  results  arrived  at  stage  by  stage 
by  myself  and  others  in  the  geology  of  this  Upland  region,  more 
especially  in  the  Moffat  and  Girvan  districts  (1872-1882),  made 
it  evident  that  the  regional  or  formational  plan  of  mapping  these 
convoluted  rooks  of  the  Uplands  was  unreliable,  and  that  the  only 
method  found  invariably  trustworthy  was  that  of  working  by  means 
of  palsdontological  and  lithological  *  zones.'  The  host  of  evidences 
accumulated  during  the  same  period  by  geologists  and  pal  seen  tologists 
in  Britain,  Scandinavia,  France,  America,  etc.,  that  the  Silurian 
Graptolite  was  as  capable  as  the  Jurassic  Ammonite  of  being 
employed  as  a  stratigraphical  index,  made  it  equally  plain  that  the 
true  sequence  of  the  Silurian  strata  from  end  to  end  of  the  Uplands 
must  of  necessity  be  that  of  their  zones  of  \g,ta^\A\\\«&. 
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It  was  not,  however,  tintil  18SS  llmt  the  officers  of  the  Surrsy 
felt  the  neoesBilj — or,  to  8[)fak  more  ttocumtelj,  founci  tlie  time  aiid 
the  opportunity— for  teMiiij;  the  {general  reliability  of  these  Eon*l 
ideng  in  Ibe  Uplniula  ae  a  whule,  and  of  revising  the  geology  in  tbs 
full  light  of  the  new  nietborls. 

Looking  back  over  the  whole  mnttcr  from  our  present  standpointi 
we  aee  that  there  ta  little  or  no  room  for  aetooinhmeat  or  regr«t  il 
this  delay.  Although — and  to  their  lasting  honour  be  it  said— tin 
new  ideas  were  from  the  first  heartily  welcomed  by  Ibe  Goologioul 
Siicietiee,  and  adopted  by  the  younger  and  more  ardent  Keologisli, 
they  were  long  looked  at  askanoe  by  many  of  those  geolugista  well 
qualified  to  judge  of  their  vnlue  nnd  their  applioahility. 

Consider  for  a  moment  the  demands  the  novel  retmlta  and  ooo- 
elusions  due  to  the  zona!  method  made  upon  the  comrnon-senee  aad 
experienoe  —  I  will  not  say  credulity— of  those  Briiiah  geologist* 
who  had  spent  many  of  the  bent  years  of  their  life  face  to  face  witK 
Silurian  rocks  in  the  Geld,  had  often  worked  side  by  aide  with  lbs 
great  leaders  in  reducing  them  to  order,  and  had  the  literature  at 
tlie  aiibjeot  at  their  finger-ends. 

The  data  upon  whieh  the  older  views  of  the  Upland  sucoessiott 
rested  were  those  which  naturally  appealed  to  the  experienoe  of  th» 
true  field  geologist.  They  were  first  and  foremost  petrologioai.  | 
They  were  few  in  number,  easy  to  obtain,  and  easy  to  interpret.  Tlw 
sequence  followed,  na  it  were,  alnioat  of  itself,  from  the  onmroeit* 
sense  deduolions  which  would  be  drawn  by  any  ordinary  geulogist 
taking  broad  views  of  every-day  field  phenomena.  The  tectonic 
structure  corresponding  to  this  succeasion  showed,  even  more  con- 
spicuously than  usual,  the  deformed  character  of  districts  floored  by 
the  moi-e  ancient  rock  formations.  And  lastly,  the  simple  theoretical 
picture  this  suooession  gave  u«  of  the  physical  oonditiona  of  the 
region  in  Silurian  times  showed  us  little  or  nothing  that  previoui 
knowledge  or  opinion  had  not  led  us  to  expect. 

But,  on  the  other  hand,  the  newer  views  of  the  Buocession  wero 
founded  essentially  upon  pa lESonto logical  considerations,  and  petrology 
was  relegated  to  a  place  in  the  background.  They  were  dependent 
upon  the  harmonizing  of  a  host  of  minor  and  local  details,  always 
difficult  and  sometimes  impossible  tc  obtain;  and  the  final  T«eulli 
were  confessedly,  after  all,  first  approximations  to  the  truth.  In  tliA 
discussion  of  the  bearing  of  these  new  results  upon  the  Upland 
struoture,  the  evidence  of  the  sensex  was  put  out  of  court,  and  field 
experience  and  ordinary  judgment  floutetl  with  paradoxes.  Finally, 
when  from  all  the  results  thus  arrived  at  we  attempted  an  explanatory 
picture  of  the  physical  conditions  in  Silurian  time,  the  imagination 
seemed  to  run  riot  amid  the  unfamiliar  and  the  unexpected. 

If,  in  Burveying  theae  convoluted  Upland  strata,  we  restriot 
ourselves  to  the  older  and  simpler  regional  or  formational  melhoda 
of  mapping  by  broad  mineralogJcal  characters  and  visible  super- 
position, we  are  foroed  to  disbelieve  in  the  individual  graptoltte 
fl/iecies  as  a  geological  index.  We  are  led  quite  naturally  to  the 
earJier  Survey  view  Lhat  1.W  v'wOcA^  wwac^vu^  uM^-ooft  oC  Uplm&d 
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litbological  rock-bands  is  that  of  a  geologically  ascending  succession 
of  Silurian  rock  formations,  embracing  some  eight  distinct  rock 
groups,  all  of  which  (except  the  highest)  form,  as  shown  by  their 
collective  graptolite  fauna,  a  series  of  ascending  stc^^es  in  one  general 
Upper  Llandeilo  series.  The  lowest  formation  of  this  Llandeilu  series 
dips  visibly  off  the  great  longitudinal  anticlinal  axis  of  Hawick 
and  Dumfries,  and  its  highest  subsides  below  the  core  of  the  great 
Leadhills'  synclinal  form.  Collectively,  this  series  roust  be  of 
enormous  thickness,  but  is  remarkably  monotonous  both  as  regards 
roineralogical  character  and  fossils.  And,  judging  from  all  these 
conclusions,  it  would  appear  that  in  Upper  Llandeilo  times  this  was 
a  region  of  shallow  and  muddy  seas,  in  which  there  was  for  ages 
little  or  no  change  in  the  physical  conditions  and  little  or  no 
progress  in  the  evolution  of  organic  life. 

If,  on  the  contrary,  we  follow  the  newer  and  more  complicated 
zonal  methods  of  mapping  the  Uplands — in  other  words,  by  detailed 
criteria  primarily  palaeontological — we  soon  find  ourselves  shut  up 
to  the  conclusion  that  the  graptolite  species,  instead  of  being,  as 
was  formerly  believed,  one  of  the  most  untrustworthy  of  geological 
witnesses,  is  in  reality  one  upon  whose  testimony  the  stratigraphist 
can  implicitly  rel}'.  We  gather  that  the  conclusions  drawn  from 
the  evidences  it  affords  accord  perfectly  with  the  detailed  litbological 
evidences  and  the  like ;  they  allow  us  so  to  explain  and  correlate  the 
ascertainable  petrological  and  palsBontologicHl  phenomena  from  end 
ix)  end  of  the  Upland  region,  that  they  afford  us  a  clue  to  the  true 
arrangement  of  its  strata  and  the  key  to  its  structure. 

We  learn  that  the  grand  geographical  rock-bands  of  the  Uplands 
are  not  the  outcrops  of  an  ascending  series  of  dintinct  rock-groups, 
but  answer,  broadly  speaking,  to  those  of  the  different  litbological 
variations  of  strata  laid  down  in  the  same  geological  peiiod,  as  they 
slowly  change  in  mineral  character  and  in  thickness  when  followed 
from  the  ancient  Silurian  shore-lines  towards  the  depths  of  the  seas. 

We  find  that  not  only  is  the  petrological  distinctness  of  the  various 
rock-bands  no  proof  of  their  individuality,  but  that  the  relative 
thickness  of  such  Upland  formations  as  we  can  individualize  has 
no  relation  to  their  relative  geological  importance.  The  insignifi- 
cant group  of  the  Moffat  Shales,  only  some  300  feet  in  thickness, 
formerly  classed  as  a  mere  subdivision  of  the  Upland  Llandeilo,  is 
the  representative  in  time  of  the  three  great  Welsh  formations,  the 
Upper  Llandeilo,  the  Bala,  and  the  Llandovery,  and,  like  them, 
is  marked  by  three  distinct  faunas.  On  the  other  hand,  the  Upland 
Gala  or  Queensberry  formation,  25  miles  in  breadth  and  many 
thousands  of  feet  in  thickness,  must  be  looked  upon  merely  as 
a  magnified  representative  of  the  band  of  Tarannon  Shale,  which  in 
Wales  is  only  about  1,000  feet  in  thickness,  and  marks  the  transitional 
period  of  time  between  the  Llandovery  and  the  Wenlock. 

But  not  only  are  many  of  the  stratigraphical  generalizations  drawn 
from  broad  regional  views  of  the  strata  of  the  Upland  region  thus 
superseded  by  others  due  to  the  application  of  the  zonal  methods, 
but  also  many  of  the  tectonic  couciusiuus  dravfii  Uv>\£k  W^'^vi  ^v^^^ 


M—ine  enimtjTi 

of  its  apparently  simple  tectonic  etnicture.  Two  «xiimiile8  ninet 
here  siiffioe.  Tlie  new  reading  (if  the  HUcceHsion  inlerpn-In  the  m-\nl 
visibte  'syucHiml'  af  the  LeadbilU  as  its  broailcKt  anticlinal  (unu, 
and  regards  (he  '  anticlinal'  of  Dumfries  am)  Uawick — tiie  verj 
baokboiie  of  the  UplanilH — merely  ah  b  equoezed-iu  synutiual  of  do 
Btratigraphical  iinjiortnnoe  whritsuever. 

Nor  would  the  theoretioHl  piutiire  of  the  physical  conditions  of  tlia 
Upland  region  iu  Silurian  times,  drawn  by  any  Htiideiit  of  the  201111I 
tnutlioda,  bear  miioh  reaeinbUiioe  to  that  liinued  by  anyone  wbo  haJ 
mapped  the  country  on  the  old  regional  plan. 

Tim  detailed  phenoiuenft  worked  out  hy  the  zonal  method  c«ll 
upon  ue,  eiplicitly  or  implicitly,  to  believe  that  in  Arenig  (tnii 
Llaiideilo  times  wliere  now  in  part  the  Scottish  UpUntla  riae  tiivn 
lay  a  region  of  broad,  deep,  and  clear  sons,  over  which  tbe  slowty 
moving  currents  drifted  flouting  fields  of  tangle  and  seaweed,  from 
whioh,  perhaps,  hung  aiispended  llie  plant-like  graplolitee.  Into 
ibeae  clear  seas  came  for  ages  little  or  do  land-derived  sediment, 
save  now  and  again  tbe  dust  from  a  distnnt  volcano.  Their  deep 
waters  were  bordered  to  the  norlb-west  by  islanded  shores,  at  fint 
crowned  by  active  volcanoea,  but  arterwnrile  buried  up  wiih  many 
oscillations  under  massive  sheets  of  [lobbles,  sand,  and  mud.  often  , 
marvellously  prolific  in  animal  life.  Slowly  tbe  floor  of  the  deep  J 
sea  became  shallowed,  and  the  shore-derived  sediments  travell«d  I 
farther  and  farther  seaward,  each  formation  in  the  earlier  part  of  tL«  ' 
ascending  series  thus  fhowing  a  gradual  thickening  in  a  landwanl 
direction,  each  formation  in  the  later  pai-t  showing  an  inorensrd 
th'mkeni/ig  tie  a  whulo.  Dy  the  olo»o  of  Silurian  tiuieti  the  eea-fliMc 
bad  all  emerged  aa  solid  land  to  face  the  wear  and  tear  of  rain  and 
rivers,  having  in  the  prooese  of  time  become  wrinkled  and  folded  in 
a  most  marvellous  way.  To-day,  after  eons  of  denudation,  the  old 
rock  formations  of  Silurian  times,  thick  and  massive  in  the  direction 
of  the  ancient  shore-lines,  thinning  away  almoxt  to  nothing  wherA 
lay  tbe  deeps  of  tbe  seas,  still  lie,  each  in  contact,  it  ia  true,  with  itj 
natural  predecessor  and  sucoessor  in  time  ;  but  so  wrinkled  and 
jammed  together  are  they,  so  twisted  and  tangled  locally,  that  only 
by  studying  each  rock-sheet  thread  by  thread,  as  it  were,  where  it 
shows  out  now  and  again  through  the  rents  and  tbe  tatters  of  the 
sheet  now  above  it,  can  we  say  with  certainty  which  of  those  eheets 
it  is  we  are  studying,  and  what  were  the  local  ciroumstanoes  of  iti 
deposition. 

'I'hese  are  a  few  of  perhaps  the  raost  striking  contrasts  between 
the  results  obtained  by  the  interpretation  of  the  phenomena  presented 
by  the  convoluted  rocks  of  tbe  Uplands;  on  the  one  hand,  by  the 
older  and  simple /ortnid'onal,  collective,  or  areal  nielhods,  aa  followed 
by  Niool,  Sedgwick,  Murohis<in,  Harkness,  and  others,  and  the  offioel* 
of  the  Survey  up  to  ihe  year  1873  ;  and  on  tbe  other  hand,  by  those 
wbo  have  used,  in  whole  or  in  part,  the  newer  and  more  complicated 
tonal  methods,  as  developed  by  British  and  foreign  geologists, 
broadly  speaking,  between  the  years  1870  and  1886. 
Beton,  thereloie,  anj  )^eaetu.\  ia«\tv(At  >i'^\^  i.^  Silurian  roolu  of 
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Britain  could  be  isBued  by  the  Survey,  it  waA  evident  that  the  old 

fonnatiunal  views  of  the  Upland  BucoeMiun  must  first  be  rigidly 

tested  in  the  field  in  the  light  of  the  more  reoent  discoveries  and 

opinions ;  and  in  the  year  1888  Messrs.  Peach  and  Home,  already 

loii^  familiar  with  zonal  methods  in  their   brilliant  work   in  the 

North- West  Highlands,  were  deputed  by  the  Director  -  General  to 

make  a  complete  revision  of  the  Upland   geology.      During  the 

years  1888-1899  they  have  from  time  to  time  been  busied  at  this 

task.    In  the  words  of  Sir  Archibald  Geikie  in  his  preface  to  the  book, 

"  they  have  traversed,  sometimes  repeatedly,  the  various  sections  of 

the  strata  across  the  length  and  breadth  of  the  Southern  Uplands. 

They  have  map|)ed  on  the  ground  the  successive  rock-zones,  traced 

the  variation  of  these  z<mes  from  one  end  of  the  region  to  the  other, 

and    made    voluminous    notes  as   regards   their   stratigraphy  and 

palseontology." 

The  greater  part  of  the  present   volume  is  the   result  of  this 

revision,  which,  it  is  plainly  evident,  has  been  to  all   concerned 

a  labour  of  love.  Chas.  Lap  worth. 

{To  U  conektdsd.) 

IL — Applied  Gkoloot.     Part  II.     By  J.  V.  Elsden,  B.Sc.  F.G  S. 
8vo ;  pp.  vi,  250.    (London  :  "The  Quarry"  Publishing  Co.,  1899.) 

rilHE  first  part  of  this  work,  a  slim  volume  bound  in  cloth,  was 
J.  noticed  in  the  Geolooioal  Magazine  for  November,  1898 
(p.  521).  We  then  referred  to  the  difficulties  of  the  task  which 
the  author  had  undertaken.  Evidently  he  has  devoted  great  pains 
to  his  work,  but,  as  might  be  expected,  he  cannot  deal  equally  nor 
sufficiently  fully  with  all  sections  of  such  a  very  comprehensive 
subject  As  an  introduction  to  the  student  and  as  an  aid  to  the 
teacher,  the  book  will  no  doubt  be  found  useful ;  but  there  can  be 
no  question  that  the  mining  engineer,  and  those  who  require  specinl 
information  concerning  building-stones,  cements,  water-supply,  etc., 
must  seek  it  in  works  dealing  particularly  with  those  subjects. 

The  author  has  gleaned  tacts  from  all  parts  of  the  world,  and 
from  a  number  of  original  sources,  but  he  only  occasionally  ac- 
knowledges the  information  which  he  has  utilized  in  the  text,  and 
in  the  accompanying  illustrations.  There  is  perhaps  too  great  a 
tendency  nowadays  to  regard  published  information  (both  text  and 
figures)  as  common  property,  and  to  avoid  burdening  the  text  with 
references;  but  we  cannot  help  thinking  that  the  value  of  the 
present  work  would  have  been  enhanced  by  references  to  works 
in  which  fuller  information  could  he  obtained.  The  illustrations 
(a  few  of  which  are  acknowledged)  have  been  reproduced  in  a  lH)ld 
diagrammatic  style.  A  number  of  microscopic  sections  of  rocks 
are  hIso  introduced,  but  on  this  subject,  as  on  some  others  wiiere 
special  knowledge  and  training  are  essential,  a  little  knowledge  may 
be  a  dangerous  thing. 

The  present  work  bogins  with  chapter  vi,  thus  continuing  the 
subject-matter  of  Part  I.  but  the  paging  is  commenced  anew.  The 
author  now  deals  with  ore-deposits,  building  «csid.  oxii^\S!k'^\i\s\  ^\k^\v6^^ 


and  other  rookii  used  in  the  nrta  and  manuruotiires,  wilh  ei)gineerinj( 
^ology  ami  soils.  In  aaoertaiiiitii;  tlie  inodu  of  oocurrenoe  uid 
fxtent  of  variouH  cleposite  of  economia  im|iort>inoe,  a.  MientiEa 
knowledge  of  the  atruodire  of  the  groiiii'l  is  eafusntifil.  la  luelaHi- 
ferouH  regions  it  is  neetlfiil  Co  know  tbe  diaraaler  of  tlii^  plication* 
OH  well  AH  llie  iinture  of  the  rocks.  Tlie  widtli  of  lodes  may  vary 
with  rooks  uC  different  texture,  and  oavities  filled  with  minerd 
matter  may  be  expected  at  particular  points  iu  flexnred  rocks. 

After  giving  some  account  of  unstratified  ore-deposits,  the  antfaar 
briefly  refers  in  chapter  vii  to  peat,  lignite,  coal,  and  petroleii 
and  also  to  phosphates,  roclc'Salt,  gypsum,  auil  oohnlt.  We  cannot 
nay  that  the  author's  treatment  of  hia  auhjeot  is  gyslematio.  In 
chapter  viii  we  are  toM  some'hing  abonl  prospecting  and  devaiopin^ 
and  the  recognition  of  minerals,  and  aUo  about  quarrying  and 
mining.  Thence  we  pasa  on,  in  ohapfer  ix,  to  huilding  and 
ornamental  atones,  Jlere  the  author  commpnoes  wiib  a  gt<neral 
account  of  igneouR  rucks,  of  dykes  and  sills  and  lafwolitee,  a 
gives  A  sliort  glosaary  of  terms  applied  to  rock -struct  urea,  a  cla« 
ficalion  of  igneous  rouks,  and  a  li«t  of  t.htir  chief  rook-forming 
minerals.  Tie  tlipn  deals  brit-fly  with  oanses  of  weathering  in 
building  stones,  a  subjeet  dismissed  subsequently  in  several  chapten. 
In  chapter  xiii  we  have  accounts  of  litliographio  «t«Me,  liuie  and 
oement,  brick  and  pottery  claya,  fire-claye,  annds,  grindalonea.  balk 
bricks,  pigments,  gems,  and  artificial  stone.  Fuller's  etkrtli  is  briF-fly 
mentirin^d,  hot  that  of  Nutfi..|,l  an.l  Wi.biirn  Kl„>nld  have  been 
referred  to  Lower  Greensand  and  not  Lower  Oolite. 

Chapter  liv  oonlains  an  account  of  water-heaving  strata  and 
water-supply,  with  some  useful  diagrams,  and  two  that  are  far 
from  intelligible  (figs.  147  and  149).  Here  the  stratigrapbical 
information  is  too  meagre  to  be  of  much  praclioal  uee.  The 
references  to  impounding  reservoirs  in  chapter  xv  are  again  too 
meagre  to  be  of  service.  The  conoluiting  chapter  deala  with  aoila, 
and  there  is  an  appendix  entitled  "Simple  rough  methods  for  the 
determination  of  minerals  and  rocks."  It  would  be  well,  ag  tbe 
author  snggesta,  that  tbe  enquirer  commences  "  by  aiperimeating 
with  known  apeoiniens." 

GEOLOGICAL  TIME. 
Sib, — All  geologists  will  thank  Sir  A.  Geikie  for  his  admirablo 
address  to  Section  C  at  Dover  this  year.  May  I  add  another 
sentence  I>earing  on  "geological  time,"  from  Huxley's  address  in 
February,  1869  (Q.J.G.S..  vol.  xxv,  p.  l).  He  writes: 
"  Mathematics  may  be  compared  lo  a  mill  of  exquisite  workmanship, 
which  grinds  you  stuff  of  any  degree  of  fineness;  hut  nevertheless, 
wliat  you  get  out  depends  on  what  you  put  in  ;  and  as  the  grandest 
mill  in  the  worW  will  not  extract  wheat-flour  from  peasooda,  so 
pages  of  formulse  will  not  get  a  definite  result  out  of  loose 
data."— F.  G.  S. 
TI-11.VHA1I  Grbbk. 


Dacade  IV.VolVl.  Pl.XIX. 


-Eg_>^tiaTi   Pliocene    and   PoaV"P\\QceT--Q  Sw5i^^ 


Hf; 


v' 

Ij 

Ml 

U* 

Hi 

w* 

ff^ 

H( 

S' ' 

pi 

Ht  • 

sti 

iSi 


lit 


Decade  IV.VoLVl.Pl.XX. 


Egyptian    Post-PliocaiYe  SlcveWa 


THE 

GEOLOGICAL    MAGAZINE. 

NEW    SERIES,      DECADE    IV.      VOL,    VI. 


Ho.  XI.— VOVEMBEB,  1899. 


A 


I. — Fossil  Mammalia  fbom  Egypt. 

By  Chas.  W.  Andrews,  B.Sc,  F.G.S.,  British  Mitseum  (Nat.  Hist.). 

(PLATE  XXIII.) 

CONSIDERABLE  collection  of  mammalian  bones  obtained  by 
the  officers  of  the  Egyptian  Geological  Survey,  and  sent  to 
England  by  Captain  H.  Lyons  for  determination,  ])roveB  to  contain 
a  number  of  specimens  of  great  interest.  The  remains  unfortunately 
are,  for  the  most  part,  very  fragmentary  and  in  many  oases  quire 
indeterminable,  but  they  are  still  Hufficient  to  indicate  the  existence 
in  Northern  Egypt  of  several  distinct  mammalian  faunas,  the  oldest 
being  of  Lower  Miocene  age,  the  most  recent  probably  late  Pleisto- 
cene and  including  species  now  living  in  the  Nile  Valley.  As  far 
as  I  am  aware,  the  occurrence  of  Lower  Miocene  land  mammals  in 
Africa  has  not  been  recorded  before,  and  it  is  to  be  hoped  that 
continued  search  may  lead  to  further  discoveries,  which  cannot  fail 
to  throw  much  light  on  some  obscure  questions  of  geograpliicul 
distribution. 

In  describing  the  specimens  received  hitherto  it  will  be  convenient 
to  begin  with  the  older  forms  and  then  pass  on  to  the  later. 

Mammals  from  the  Lower  Miocene  {Burdighalien), 

The  principal  locality  in  which  mammalian  remains  of  this  fi^e 
have  been  obtained  is  Moghara,  which  lies  in  the  desert  rather 
more  than  a  hundred  miles  nearly  due  west  of  Cairo.  Most  of  the 
specimens  were  collected  by  Dr.  M.  Blanckenhorn,  who,  in  a  letter 
accompanying  the  specimens,  has  given  a  brief  description  of  the 
deposits  in  which  they  were  found.  From  this  it  appears  that  the 
beds  form  a  series  of  alternating  marine,  fiuviatile,  and  lacustrine 
de|K)sits,  some  200  metres  thick  ;  there  is  much  sand  and  gravel, 
containing  great  silicified  tree  trunks  as  well  as  the  remains  of 
mammals  and  reptiles.  Above  or  intercalated  in  these  deposits, 
there  is  a  bed  of  ochreous  sandy  marl  containing  characteristic 
Lower  Miocene  Echinoids  and  Molluscs.  There  are  also  some  beds 
of  Hydrohia  limestone, 
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Tbe  occurrence  of  aiioh  deposils  indiuatea  the  pnixiffiit<r  of  lli» 
sbore-line  of  ihe  MeditermueikU  ns  it  exiBt^d  previous  to  tli« 
Hulvt^lian  overlap,  Ruckg  of  the  SHine  charaoter  aud  coutKinin^ 
a  similar  mam  ma  linn  fauna  occur  in  Fraaoe  (Sables  de  ]'0rleanai»|, 
in  Switzerlaml,  and  near  EggenViui-g  in  AiiBLriti.  and  may  l>e  regani«d 
as  contempoiaaeoua  de^weita  near  the  northern  gliore  ol  lb«  mnis  ett. 

Braehyodtti  afrieanue,  ap.n. 
The  most  importaut  of  the  Bpeciniens   from  this  Iiorizon  n  n 

imperfect  right  rititius  of  llie  mandible  (No.  2,849)  of  a  large  ftnthmcn- 
theroid  ungulate  («ee  Plate  XXIII).  The  region  in  frout  of  pm.H  i« 
wauling,  and  posteriorly  the  bune  bas  been  broken  aoroas  3  or  4  cm. 
behind  the  last  mnlar,  bo  that  the  articulation  and  angle  are  lost. 
and  only  the  base  of  Ihe  coronoid  procees  is  preserved ;  il  oaDiiot 
be  determined  whether  the  angle  was  produced  downward  into 
a  fliinge  projecting  below  the  level  of  the  ramus,  or  not.  The  molflti 
and  last  premolar  ure  in  an  excF<l1ent  state  of  prteervation.  bitt  piii.3 
is  repreHenled  otily  by  its  fangs  implanted  in  their  alveoli.  The 
condition  both  of  this  specimen  and  of  others  from  the  same  locality 
is  such  as  (o  indicale  that  careful  excavations  wonld  probably  lead  to 
tbe  discovery  of  very  well-preserved  mammalian  remains.  The 
mandible  in  (Question  was  collected  by  Dr.  Blanc  ken  horn,  who  pointed 
out  that  it  probably  indicateil  a  new  species  of  Ueperet's  ganm 
Brnchyodut,  for  which  he  pro)>osed  the  name  B.  africaniia,  a  sng'gedlioa 
which  is  here  adopted.  The  genus  Uracht/oiliit  nas  loiinded  by 
Dejicret'  for  the  reception  of  cerlsin  species  of  snlhracolheroid 
ungulates  which  had  hitherto  been  referred  to  Anthracothrritiwi* 
OT  Ancodat.'  He  takes  AnthTaeolJifriuvi  onoideutu  of  Gervais*  as  the 
type  of  the  genus,  and  desoribes  a  wtll-preserve'l  mandible,  together 
with  some  upper  teeth  and  a  calcaneum  of  this  species  &om  the 
Lower  Miocene  of  Eggenburg. 

As  far  as  the  mandible  is  concerned,  Ihe  chief  points  in  which, 
according  to  Depuret,  Brnehyodug  differs  from  AnlhracothertHm,  are: 
(I)  The  mandibular  ramus  in  the  region  of  the  cheek-teeth  is  not 
BO  deep,  its  lower  border  is  curved  instead  of  nearly  straight,  the 
symphysis  is  less  prolonged  backwards  and  roust  have  been  less 
elongated,  end  there  is  only  one  dental  foramen  instead  of  two  or 
three.  (2)  The  lower  molars  are  arranged  in  a  continuous  series, 
there  being  no  diaetema  between  pm.  1  and  pm.  2,  and  at  the  same 
time  these  premolars  are  shortened  in  correlation  with  the  shoilening 
of  the  mandible.  (3)  In  (he  lower  molar  teeth  the  inner  tubercles 
are  higher  and  less  massive.  The  outer  tubercles  are  more  ooro- 
preBsed  in  a  V-slmpe  ;  the  postero- external  tubercle  unites  by  its 
anterior  end  with  the  poBtero-intemal  tubercle,  as  in  Aneodiu.  The 
talon  of  m.  3  is  less  developed,  and  bears  a  single  tubercle  only, 

'  Tepfret,  "  Ueber  die  Paona  ton  Miocanen  Wirhelthieren  aus  der  ersten  H«di- 
temin'tufe  tou  Egl^Dbiuv  " :  Sitz.  k.  Ak»(l.  Wim.  Wien,  Bd.  cir  (1895),  p.  »7. 
'  Gtrraia:  Zool.  6t  Pal-fraot.,  !•  ed.,  t.  i.  p.  96  ;  2'  6d.,  p.  ISO. 
'  Xeumsvr,  "  Hyopalamut-iiitta -^na  Eggenhutg":   Verb.  Geol.  Beicbtasslall, 
1S83,  p.  Ui. 
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infit<>fi(l  of  two  of  abont  the  same  lieiglit.  (4)  The  presence  of  a  thick, 
unbroken  ridge  of  enamel  (cinguhini)  which  surrounds  the  bane 
of  the  cheek-teeth,  particularly  the  upper  molars;  this  ridge  is 
scarcely  indicated  in  Anthracotherium,  (5)  The  presence  of  a  peculiar 
iiculpturing  of  the  surface  of  the  enamel  into  fine  wavy  ridges. 

The  following  characters  of  the  mandible  and  lower  teeth  are 
mentioned  by  IVperet  as  distinguishing  Brachyodtis  from  Ancodvs  : 
(1)  The  jaw  of  Brachyodus  is  less  ehmgate  anteriorly,  there  is  no 
diastema  between  pin.  1  and  pm.  2,  and  the  crowns  of  the  teeth 
are  more  brachyodont ;  (2)  the  lower  cheek-teeth  of  Ancodus  have 
no  cingulum,  and  the  enamel  is  not  sculptured.  On  the  other  hand, 
according  to  this  writer,  there  is  gr^at  Rimilarity  between  Brachyodus 
and  Ancodus,  both  in  the  form  of  the  mandibular  ramus  and  in  the 
structure  of  the  lower  molars.  This  diagnosis  is  largely  founde«l 
on  the  specimen  from  Eggenburg,  excellent  photographic  figures 
of  which  are  given  in  the  above-mentioned  paper. 

Certain  points  in  the  comparisons  of  these  types  just  quoted  seem 
open  to  objection.  For  instance,  in  specimens  of  the  teeth,  both 
of  Anthracoiherium  and  Aneodns,  in  the  British  Museum  (Natural 
History),  the  enamel  is  sculptured,  and  some  teeth  of  Ancodus 
approach  those  of  Brachyodus  very  nearly  in  this  respect.  Again, 
judging  from  Deperet's  figure,  the  cingulum  is  very  sligiitly 
developed  in  the  lower  molars,  ]>articularly  on  the  inner  side ; 
this  is  also  the  case  in  our  specimen.  In  the  description  of  the 
lower  molars  the  following  sentence — **  der  riickwartig  aussere 
Hiigel  heftet  sich  mit  seinem  vorderem  Kandean  den  entsprechenden 
inneren  Hiigel  wie  bei  Aucodusy  und  niciit  mit  seinem  riickwiirti^en 
Kande  ;  " — is  obscure,  but  it  seems  to  imply  that  the  anterior 
horn  of  the  postero-external  crescent  (hypoconid)  unites  with  tlie 
postero-internal  tubercle  (entoconid),  as  in  Ancodus,  and  does  not 
extend  across  the  valley  to  the  antero-internal  cusp  (metaconid)  ; 
in  the  photograph  of  the  Eggenburg  specimen  it  can  be  seen  tlmt 
this  is  not  so,  the  arrangement  being  like  that  shown  on  the 
accompanying  Plate  XXI II,  Fig.  2.  Some  very  worn  molars  of 
Ancodus  show  traces  of  a  Kiniilar  arrangement,  which  is  the  normal 
one  in  the  molars  of  Anthracotherium. 

The  specimen  now  figured  agrees  in  all  important  character  with 
that  from  Eggenburg,  and  must  be  referred  to  the  same  genus.  It, 
however,  belonged  to  a  rathor  smaller  animal,  in  which  the  crowns 
of  the  molars  are  longer  in  proportion  to  their  width  than  in 
B.  onoideus,  and  the  dental  foramen  is  smaller  and  situated  beneath 
the  anterior  edge  of  pm.  4,  instead  of  beneath  pm.  I,  differem-es 
which  justify  its  specific  separation  suggested  by  Dr.  Blanckeuhorn. 
The  length  of  the  fragment  is  21  cm. 

In  m.3  the  cingulum  is  fairly  prominent  on  the  antero-external 
angle  of  the  tooth  and  on  the  outer  side  of  the  talon ;  on  the  inner 
side  it  is  wanting  entirely,  except  for  a  short  distance  on  the  inner 
side  of  the  talon.  The  talon  is  large,  and  consists  of  a  single 
crescentio  cusp,  similar  to  the  outer  cusps  of  the  anterior  portion 
of  the  tooth,  but  with  the  opening  ol  iVie  V  VooVwv^  lviY>«\i.\\  ^w^ 


inwnnU  inslpfid  of  inwAi'<fti  only  TIib  nntpr  liiiili  of  1I16  V  rniiKtA' 
llio  lifiRe  of  the  internal  i-«s])  iif  tlie  pair  in  frmil  (piitr.iM>iiia).  wliil* 
(lip  inner  limb  fnrniB  llio  inner  border  of  (he  Inlon  ;  l»tw««n  lli»- 
avtns  of  tlie  V  ie  a  riidiirienlRry  ouep,  whiob  is  wanting  or  ecaroely 
pevooplible  ia  Aueodm,  but  wbich  in  Anihracolkfrivm  'm  Iftrge,  a>id 
ill  fact  equal  to  tha  V-etiapei1  oulei-  ousp  and  Htaniling  tn  (lie  MiiiA 
transverse  line  wilh  it ;  iudeocl,  in  the  form  of  the  lalon  BraehyoAnt 
ia  intermediate  between  tbe  older  gentra.  The  stmotiire  of  iIib 
other  inolare  will  ba  seen  ia  the  figm-e  (Fi^.  2) :  it  is  closely  eimil 
to  thst  of  the  molars  of  B.  onoideiu.  The  foiirfli  premoUr  ia  a  v( 
maeeive  tooth,  with  one  high  cusp,  from  which  radiate  three  rids* 
one,  running  to  the  anlaro-inlemNl  angle,  the  seoond  to  tt  point 
a  little  behind  the  middle  point  of  the  toolh,  while  llie  thirj  mm 
directly  backwards,  and  terminates  in  a  much  worn  tubetv'le  on  the 
prominent  heel  of  the  toolh  ;  the  cingulum  is  well  devi-loped  01 
anterior  and  'jiosterior  etida,  and  hIho  on  the  anterior  hal  f  of  the  inner 
side.  Fni.  3  in  this  specimen  ia  represented  only  by  ila  two  fangt 
itnhedded  in  their  alveoli ;  anterior  to  this  the  juw  ia  broken  itwny. 

The  arrangement  of  the  anterior  premnlars  is  tihown  in  two  1 
specimenB,  one  of  which  is  figured  (PI.  XXIII,  Figs.  3,  4).  In  lint 
(he  second  premolar  is  still  in  position  ;  it  baa  two  roots,  and  ill 
form  is  shown  in  Frgs.  3  and  4.  ImmediBt^ly  in  front  of  it  is  th« 
iilveolus  of  the  single-ivioted  first  premolar.  In  front  of  this  the  upper 
liiii'der  of  the  jaw  was  thin  and  sharp-edged  ;  it  is  broken  away 
iibout  20  mm.  in  front  of  pm.  1  :  no  trace  of  the  snt-ket  of  Ibp  canine 
in  visible,  and  IVorii  the  form  of  the  mandible  it  is  improbable  M.at 
Ihia  tooth  wBB  developed  into  a  large  tusk.  The  dimensions  of  the 
teeth  are:— 


Grealcst  width.. 


pm.  1      27    „ 

pni-S       ?     ,. 

pm.  2       22    ,, 

Tlie  wide  iHstrihution  of  this  Lowe 
lolftble,  and  I  think  that  probably,  ae 
^l/opo^(lIuue  gigante 


Miocene  Anthraoolhere  is 
Deperel  has  suggested,  Ihe 
d    AnlhracoOierium  hyopola- 


aides,  described  by  Lydekker,  belong  to  this  genus  also. 
EXPLANATION  OF  PLATE   XXIII. 

Id.  L— Imprrfpct right lamuB  of  DmndibUaf  ilrBrAyoi^M  fl/i'jcaniii  [No.  2,849,  tTpe- 

eperimen). 
,,    2. — Tirth  of  nbove  npfcimen,  s*en  from  ahoTe. 

„    3. — Fragnipnt  of  (interior  of  ripihl  rnniuB  of  mandible  ot  another  indiTidnal. 
,,    4.— Seeond  premoUr,  seen  from  above. 

AH  the  Sgurea  are  rather  more  than  §  natural  size. 
{To  hi  eaHtinufd.) 
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II. — Notes  on  Subaerial  Erosion  in  the  Isle  of  Skte. 

By  Alfrbd  Harkbr,  M.A.,  F.G.S.,  of  II. M.  Geological  Survey  of  Scotland. 
(Communicated  by  permission  of  the  Director-General.) 

CONSIDERING  the  prime  importance  attaohing  to  the  subject  in 
almost  every  branch  of  geological  inquiry,  it  is  not  a  little 
remarkable  that  so  little  has  hitherto  been  done  towards  obtaining 
precise  measures  of  the  actual  waste  of  land-surfaces  and  comparing 
the  rates  at  which  the  agents  of  destruction  operate  at  the  present 
time  in  different  districts.  Arrangements  have  indeed  been  made 
during  recent  years  to  observe  systeniHtically  the  results  of  marine 
erosion  on  our  coast- lines,  but  concerning  the  far  more  important 
subject  of  subaerial  erosion  we  have  exceedingly  few  accurate  data. 
iSir  Archibald  Geikie,  in  his  recent  address  to  the  Geological 
Section  of  the  British  Association  at  Dover,  has  called  attention  to 
one  aspect  of  the  question,  viz.,  as  it  affects  estimates  of  geological 
time,  and  has  urged  the  desirability  of  accumulating  observations, 
which  should  be,  so  far  as  the  amditions  of  the  problem  permit, 
of  a  quantitative  kind.  The  few  remarks  which  follow  are  based 
on  notes  made  during  four  or  five  years'  work  on  the  Geological 
Survey  of  the  central  part  of  Skye,  and  it  is  perhaps  hardly 
necessary  to  point  out  that  the  conclusions  arrived  at  are  limited  to 
the  same  area.  Indeed,  if  such  observations  are  to  have  any  value, 
it  must  be  by  comparison  with  observations  made  on  similar  lines 
in  other  districts. 

Central  Skye  is  a  district  of  sufficiently  varied  physical  characters. 
Mountains  over  three  thousand  feet  high  rise  within  two  or  three 
miles  of  the  sea.  These,  with  their  subsidiary  branches,  embrace 
extensive  corries,  drained  by  streams  which  have  a  high  gradient, 
and  become  in  flood  -  time  formidable  torrents.  Beyond  the 
mountain- tract  are  deeply  eroded  basaltic  plateaux,  rising  in  places 
to  1,500  feet  or  more  above  sea-level.  The  rainfall  is  probably  the 
heaviest  in  Britain,  or  indeed  in  Europe,  amounting  to  as  much  as 
100  or  even  150  inches  at  sea-level,  and  doubtless  much  more 
among  the  mountains,  while  the  district  is  swept  during  the  greater 
part  of  the  year  by  winds  which  often  rise  to  severe  gales  of  several 
days'  duration.  A  newcomer  to  such  a  district  might  well  expect 
to  find  decisive  evidence  of  the  continued  aotivity  of  eroding  and 
transporting  agencies,  but  such  expectation,  as  I  shall  show,  would 
not  be  realized. 

Skye,  in  common  with  the  other  islands  of  the  Inner  Hebrides, 
has  often  been  cited  as  a  striking  example  of  the  visible  results  of 
subaerial  erosion,  and  it  would  be  difficult  to  find  in  the  Britisli 
Isles  a  district  more  instructive  in  this  respect.  Lava-flows  of 
Eocene  age  present  their  truncated  edges  on  the  hill-sides  to  a  total 
thickness  of  thousands  of  feet.  The  gabbro  and  granite  are  of  later 
date  than  the  lavas  ;  yet  these  plutonic  rocks,  consolidated  doubtless 
under  a  thick  covering  of  the  basaltic  lavas,  now  fortn  the  hiojhest 
ground  in  the  district.     My  thesis  is  that  the  vast  umoviuL  v^C  ^vv^^iiv^\\. 


Affe3-m,^ 


iTMUtn  of 


tliiia  atteated  is  nlinost  wholly  rt-remblu  t<>  mi'MIe  kui]  lat«r  TtHinrj 
tiiuaB,  lilt)  remaining  ami  finiil  toiicliaa  buiiig  ailiiml  \iy  tlie  ioo  an'l 
ft'ost  of  tlie  GWial  {lerioil.  Uiuler  existing  conditiuiiB  the  pvoDeanei 
of  degmdiilion  are  prao'ioally  at  a  Etaiiiislill,  and  the  total  resnlt  nf 
Kiibiierial  erosion  sini^e  the  liistippi-aranDe  or  tlie  glaciers  has  soaroely 
]f  11  its  mark  even  on  Lbe  minor  details  of  the  b a rfaoe- features. 

There  is,  of  oourHe,  no  aaomaly  in  this,  if  w«  view  it  in 
onnueotion  with  tlie  principle  that  the  efficieney  of  liie  agents  of 
erijBion  is  necessarily  conti'olled  by  movementfl  of  n|ih«aTal  """1 
ilepresHioD  in  llie  arra  conoei-ned,  an  aupMit  of  the  qnMiion  which 
lias  too  often  been  nej^leuled  hy  geolo^'^''^  '^'i  ''''*  ^''^^  ^^  'l** 
Atjantio.  Although  the  latest  raovemenC  of  land  relatively  to  ona, 
of  whioli  we  have  direct  evidence  in  the  distriol,  is  one  of  elevatina 
In  the  extent  of  about  100  feet,  it  cannot  he  doiibtad  that  liie  laml- 
HuiiljitiU'e  wbich  gave  the  district  ita  exiBlin^;  nioiintaiii  an-1  valley 
Bystern  was  eETectvd  at  a  time  when  the  oauiitry  stood  at  a  con- 
siderably higher  level  than  at  present.  Desiring  rather  to  record 
observations  of  fact  than  to  enter  into  theoretical  disonsaioni,  I  will 
tint  pursue  this  subject.  There  is,  however,  one  general  qiiestiun 
upon  wbiob  I  feel  conntrnined  to  make  a  few  remarks,  vis.,  tliti 
Bhiire  of  ice-eroBlon  in  producing  the  existing  eurfacs-reiiaf. 

The  writings  of  some  geologists  during  recent  years  show  a 
tt^ndenoy  to  depreciate  the  importance  of  ice  as  an  aroding  agenl. 
Ituw  this  attitude  is  to  l»e  justified  on  a  priori  grounds  it  is  ni>t 
eiiHy  to  unilei'slHiid.  A  pebhio  or  a  sand-grain  held  firmly  in  llie 
K'ip  of  a  glacier  luust  certainly  be  a  more  efficient  graving-to<il  than 
one  rolled  along  the  bed  of  a  river,  and  the  disparity  in  tlie  same 
sense  becomes  more  evident  when  we  take  into  account  tbe  grrat 
I'vesBure  which  must  exist  at  every  point  of  contact  beneath  a  great 
tliickuese  of  ice.  We  shall  not,  however,  assign  to  tce-erosioi>  its 
due   part   in  tbe  total  results  produced  unlesa  we  recognize   that 

FIG.  1 


Fio.  1.— TrHDSTeneMctianof  rallej:  ABCD  initialljr,  AGFC  after  modification  by 
);liicial  eroaioD.  Loagitudioal  profile  of  tributar]'  glen :  OHB  iaitialljr,  OHE 
after  modification. 
its  effects  differ  to  a  great  extent  in  kind  from  those  of  water* 
erosion.  Some  of  these  peculiarities  I  have  specified  in  a  r«oent 
number  of  this  Magazine  (May,  1899,  pp.  lii6-9}  without  attempting 
to  discuss  their  rationale.  But,  although  a  complete  analytical 
trenduenl  of  the  auVijeul  wo\iW  b«  ditficult,  it  is  easy  to  see  that 
the  peculiarities  in  t^neotAOU  <»»ia«N.  \!t«.>mMjWi*  x<«»A&j  -^aitli  th« 
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distinctive  oharaoterittios  of  ioe-drainage  as  contrasted  with  water- 
drainage.  Thus,  a  glacier  occupies  the  whole  wiJth  of  its  valley, 
while  a  river  and  its  tributaries  mostly  follow  narrow  and  definml 
paths:  hence  the  peculiar  U-shape  of  the  glnciated  valley  and  the 
precipitous  descent  by  which  a  tributary  glen  joins  the  innin  valley 
(Fig.  1).  Again,  the  amphitheatre  form  of  the  head  of  a  glaciated 
valley  connects  itself  with  the  fact  that,  while  erosion  near  the 
sources  of  a  river  is  very  feeble,  a  glacier,  on  the  other  hand, 
springs  into  being,  like  Athene,  fully  armed.  The  dependence  of 
glacial  erosion  upon  the  pressure,  and  so  upon  the  thickness  of  the 
ice  at  any  point,  seems  to  offer  an  explanation  of  other  characteristic 
features,  such  as  the  exaggeration  of  slight  inequalities  of  gradient 
in  a  valley  into  precipitous  drops  (Fig.  2)  and  the  excavation  of 
small  rock-basins. 

--•^  riG.2. 


Fio.  2. — Longitadinal  profile  of  valley  occupied  by  glacier.  Owing  to  inequality  of 
gradient,  the  thickness  of  the  ice  at  A  B  is  greater  than  either  above  or  below 
that  place.  The  consiequent  more  rapid  erosion  at  B  has  the  effect  of 
exaggerating  the  inequality. 

As  distinguished  from  the  erosion  due  directly  to  ice  action,  we 

have  to  note  further  the  disintegration  caused  by  frost  in  the  later 

stages  of  the  Glacial  period.     Nothing  in  the  scenery  of  the  Cuillins 

is  more  striking  than  the  sharp  contrast  of  the  splintered  and  jagged 

summit-ridges  with  the  rounded  and  polished  surfaces  of  the  conies 

and  the  lesser  heights.    The  first  impression  is  that  the  higher  peaks 

have  stood  out  above  the  ice,  and   so  escaped  the  moulding  and 

smoothing  which  have  left  their  impress  on  the  lower  slopes ;  but 

in  attempting  to  follow  out  this  idea  in  detail  many  difficulties  are 

encountered.     Moreover,  the  movements  of  the  ice,  as  traced  out  in 

the  course  of  a  complete  survey,  and  the  history  of  the  glaciation  of 

the  district  as  a  whole,  almost  compel  us  to  the  conclusion  that,  at 

the  stage  of  maximum  glaciation,  the  whole  district  was  covere<l, 

even  to  the  highest  summits.     Later,  when  the  ice  was  reduced  to 

gradually   shrinking  valley  glaciers,  the  uncovered  summit-ridg*  s 

-would  be  subjected  during  a  long  time  to  conditions  highly  favourable 

to  the  shattering  and  splintering  of  which  they  give  evidence,     lu 

no  other  way  can  we  account  for  the  huge  talus,  often  composed  of 

large  unworn  blocks,  which  chokes  the  upper  part  of  so  many  of  the 

mountain  valleys,  being  specially  well  displayed  in  the  southern 

branch  of  Coireachau  liuadha  and  along  t\iQ  Yi\io\^  ^-^Kec^.  V^  \s^^ 


ingth)  of  Garbh-choiro.  In  their  Eitiialion  anJ  oondilion  thw* 
often  differ  markedly  from  Irue  stone-falb  ov  from  iha 
waste  of  nil  escarpueiit  in  move  urdinnry  cimumatances.  Some  of 
tlie  blocks  hnvo  evidently  fallen  upon  aoine  aoft  ouxbion,  such  u 
anuw ;  others  coiilcl  not  reach  thr-ir  actual  position  by  merely  falling 
and  rolling;  others,  agmn,  have  been  derived  from  Ilie  rock  npou 
which  they  rest.  Soreea  nf  this  kind  must  he  regni'ded  aa,  iu  a  eenae. 
Glacial  ace  uiu  illation  a,  and.  indeed,  it  is  sometimes  iiuposaible  ta 
separate  them  in  mapping  frnni  true  ios-home  debiis.  The  addition! 
from  later  etone-falla  are  quite  inaignificanl.  Whnt  is  true  of  the 
Cuillins,  the  gahbro  mountains,  HOfma  to  he  true  aUo  of  (be  Hed 
Hills,  formed  of  granite,  though  it  is  less  easily  demonatrated.  The 
Bcreea  which  conceal  much  of  the  slopes  of  these  hills  are  not  to  be 
ae)>Hrated  from  the  boulders  which  often  cover  the  flat  or  gently 
rounded  tups,  anil  these  are  much  more  regularly  diatributed  than, 
e.)^.,  the  blocks  which  build  the  tors  of  Dartmoor  and  other  granite 
platraux.  Chemical,  co-operating  with  mechanical,  degradation  has 
causeil  B,  sensibly  greater  post-Qlaoial  waste  of  the  general  surfaoe 
here  than  elsewhere  in  the  distriot,  hut  it  is  prohahly  atill  of  trivial 
amount,  being  meaaured  by  the  slight  projection  of  the  oocasional 
btiaalt  dykea  above  the  granite  which  they  traverse. 

Aasigning,  then,  to  the  soreea  in  general  a  Glacial  age,  it  cnay  be 
Btated  that  post-Glaoial  erosion  in  the  diatriot  is  almost  limited  to 
the  clearing  out  of  the  pre-Glacial  channels  by  the  removal  of  the 
hoiilder-olny  which  filled  Ihem.  Not  liie  valleys,  but  only  the  water- 
courses have  been  cleared,  and  these  not  always  completely.  On  the 
lower  ground,  where  the  deeliviliee  are  alight  and  llie  drift  in  placea 
thick,  atreaniB  seem  in  a  few  instances  lo  have  been  diverted  for 
some  diatance  into  a  new  course,  hut  in  no  case  ia  a  new  channel  out 
inio  rock.  It  will  alao  be  ahgwn  beluw  that,  when  we  speak  of 
twulder-olay  being  removed,  this  ia  to  be  understoo<l  of  the  clay 
itself,  not  of  the  contained  boulders.  The  courses  of  the  minor 
streams  in  the  drift-covered  country  are  determined  by  ihe  super- 
ficial features  of  the  drift  itself,  which  remain  practically  without 
change.  Here  and  there  a  burn,  winding  ita  way  among  the 
tumulus-like  mounds  of  the  '  kettle  moraine,'  has  trenched  upon  the 
Sleep  slope  of  one  of  the  mounda,  hut  the  amaller  alreama  usually 
flow  over  turf  or  peat.  The  mmmlain  torrents,  which  drain  the  bare 
vocka  of  tlie  higher  corriea  and  fall  in  cascadi's  over  their  rocky 
harriers,  give  even  less  indioatinn  of  poat-Glacial  erosion.  Some- 
times Ibey  are  guided  by  dyke-fiasuree,  but  as  a  rule  there  is  no 
channel  at  all :  the  water  glides  over  tlie  polished  rocks  in  a  spreading 
sheet,  through  which  the  glacial  acorings  appear  as  distinct  as  else- 
where on  the  smooth  surface.  As  might  be  inferred,  tlie  streams 
throughout  the  district  are  found  to  be  wholly  free  from  sand  or 
other  detritus. 

Two  localities  in  the  district  are  worthy  of  special  notice  as 
illuHtraling  Ihe  foregoing  remarks.  One  is  Eaa  Mar,  the  moat 
oonFiiderahle  waterfall  in  the  Cuillins,  on  tlie  lower  part  of  the  bum 
(Iramiog  Coire  na  Bans.u\id\ti\i.   'B.QT«^.^l«\l^^'cn\^^nv(}s^>lve^  a  uearly 
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vertical  preoipioe  of  140  feet  into  a  steep-sided  winding  gorge,  which 
continues  for  some  300  yards.  The  fall  is  caused  by  an  irregular 
sheet  of  a  fine-grained  gabbro,  more  durable  than  the  prevalent 
csoarse  type  in  the  neighbourhood,  and  the  gorge,  at  least  as  regards 
its  upper  part,  results  from  the  cutting  hack  of  the  fall.  Here,  if 
anywhere  in  the  district,  we  should  find  evidence  of  active  erosion 
at  the  present  time,  and  one  or  two  snmll  stone-falls  of  evidently 
recent  date  at  the  upper  end  of  the  gorge  suggest  at  first  glance  that 
the  cutting  back  may  be  going  on  rapidly.  A  closer  examination, 
however,  negatives  this  supposition,  and  proves  that  practically  the 
whole  of  the  gorge  must  have  been  cut  out  in  pre-Glacial  times. 
The  boulder-clay  by  which  it  has  been  filled  is  for  the  most  part 
cleared  out  from  the  bottom  of  the  gorge,  though  some  relics  remain 
intact,  the  nearest  being  about  thirty  yards  from  the  waterfall.  The 
post-Glacial  recession  cannot,  however,  have  amounted  to  anything 
like  thirty  yards,  as  appears  from  examining  the  rim  of  the  gorge. 
The  head  of  it  is  expanded  into  a  relatively  wide  cauldron  (itself 
a  significant  feature),  and  the  drift  is  found  to  creep  down  the  steep 
slopes  of  this  cauldron  in  such  a  way  as  to  leave  little  doubt  that  it 
has  once  been  banked  up  against  a  face  very  nearly  coincident  with 
the  present  precipice  of  the  waterfall. 

Tlie  other  locality  alluded  to  is  the  Sligachan  River,  in  the  neigh- 
bourhood of  the  bridge,  and  its  interest  is  with  reference  to  the 
transport  of  material  downstream.  This  river  is  one  of  the  principal 
streams  of  the  district,  and  is  also  liable  to  sudden  floods  in  time  of 
rain,  rising  sometimes  five  or  six  feet  in  a  very  short  time.  Like  all 
the  other  streams,  it- is  perfectly  clear,  even  in  the  heaviest  spates. 
The  idlest  lounger  on  the  bridge  cannot  fail  to  remark  that  while 
the  boulders  in  the  bed  of  the  river  have  dark  blue  and  rusty  brown 
colours  (basalt  and  gabhro),  those  in  the  tributary  stream  on  the 
right,  which  joins  the  river  just  below  the  bridge,  are  white  or  of 
pale  tints  (granite).  Observing  further  that  below  the  confluence 
the  left  bank  of  the  river  is  dark  and  the  right  bank  pale,  he  may 
perhaps  conclude  that  the  main  river  drains  an  area  of  dark  rooks 
and  the  tributary  burn  an  area  in  which  the  pale  predominates. 
A  little  more  examination,  however,  will  compel  him  to  abandon 
this  explanation,  for  he  will  find  that  the  pale  boulders  creep 
obliquely  across  the  river  until  they  occupy  the  whole  of  the  bed, 
and  the  broad  shingle-flats  between  and  near  tide-marks  in  the 
estuary  below  are  composed  essentially  of  white  and  yellow  granite. 

The  key  to  the  puzzle  lies  in  the  fact  that  here,  as  throughout 
the  district,  the  boulders  and  gravel — coarse  or  fine — in  the  bed 
of  a  stream  have  no  direct  relation  with  the  solid  rocks  of  the 
drainage-basin,  but  depend  solely  on  the  oonstitution  of  the  drift 
deposits  in  the  immediate  neighbourhood.  Where  there  has  been 
no  drift,  there  are  no  pebbles  in  the  burns.  Where  a  burn  has  had 
to  re-excavate  a  channel  through  the  drift,  it  has  done  so  by  merely 
removing  the  finer  material,  the  enclosed  stones,  large  and  small 
alike,  remaining  as  boulders  and  gravel  in  the  bed  of  the  stream. 
They  may  have  travelled  downstream  lot  «^  ofeiXAim  <JAsXax\a^^  N^n^X 
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(Ilia  disUnoQ  in  iilivay§  Buiall;  in  ths  pnrl.iciilitr  ttiKtanoe  solectsd 
it  ia  oapalile  of  fairly  noQuiula  iutuLi4iii-oiiii<i)t.  as  fullow«.  The  upper 
pirt  of  Qleii  SligachAQ  hits  the  lied  Hilb  on  tlie  right  aif)  t1i« 
Coillina  on  the  left.  Aooorilingly  wa  (iiiit  that  grauila  ho'ilijein 
largely  prepontlerato  in  the  drift  on  the  right  biiIh  of  lli»  vail«j  anil 
gabbro  boulders  on  the  left,  ami  a  aharp  line  of  divlaioii  oan  Iw 
ilraurn  along  the  inidilla  of  the  valley.  Lownr  ilowu,  whers  tlia 
floor  of  the  valley  oonsista  of  bnaalt,  this  rook  entera  inuraaHiuglv 
among  the  bouhlera ;  but  the  line  oan  be  traced  to  Sligaohan  aD<1 
for  some  eight  or  nine  miles  beyonil,  aSonlmg  important  inforraalion 
oijrioerning  the  ooiirwo  of  the  great  SUgaoban  glacier.  In  the 
neighbourhood  of  Sligaohan  itself  this  line  oan  be  laid  down  with 
oonaiderable  precision,  certainly  within  a  very  few  yards.  An  shown 
by  the  brokeik  line  in  Fig.  3.  it  crnases  the  river  just  below  the 
liriilge,  and  theiioe  follows  a  westerly  dir^tion.  The  dolled  line 
iu  the  Sgure  nmrke  the  correspoading  division  anioug  th«  etouee  in 
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the  bed  of  the  river,  granite  largely  predominatin)^  on  the  rij^lit  uii<l 
litiiiig  almost  wantinj^  on  the  left.  The  distanue  hetween  the  two 
lines  thus  represents  the  total  downstream  movement  during  ])()Ht- 
trlacial  times.  It  is  between  eighty  and  ninety  yards  as  measured 
along  midstream,  being  less  along  the  right  bank  and  more  along 
the  left.  No  distinction  has  heen  made  between  sm^ll  pebbles  an 
inoh  in  diameter  and  boulders  a  foot  or  more,  so  that  the  result 
obtained  expresses  the  average  amount  of  displacement  of  the 
whole  oolleotively.  Doubtless  the  small  stones  have  travelled  farther 
with  the  stream  than  the  large,  and  indeed  this  appears  clearly 
when  we  examine  other  places  at  which  the  same  river  crosses  the 
dividing-line  in  the  drift.  There  are  six  such  places  above  Sligaohan 
bridge,  and  at  suoh  of  them  as  afford  suitable  conditions  for  observa* 
tion  a  variable  amount  of  downstream  transport  can  be  verified.  It 
reaches  nearly  250  yards  in  the  extreme  case,  this  being  for  fine 
graveL 

One  remark  is  necessary  to  guard  against  misunderstanding.  It 
18  not  asserted  that  a  stream  like  the  Sligachan  River  is  not  competent 
in  times  of  flood  to  move  even  large  boulders  with  ease ;  only  tliut 
it  does  not  do  so  to  any  important  extent  at  the  present  time  and 
under  natural  conditions.  A  state  of  equilibrium  has  been  attained, 
in  which  the  stones  are  so  packed  as  to  support  one  another  and 
ofifer  the  greatest  possible  resistance  to  the  stream.  The  displace- 
ment by  any  means  of  a  keystone  may  cause  movement  among 
others  adjacent  to  it,  just  as  stepping-stones  artificially  placed  may 
be  swept  away  by  a  heavier  spate  than  usual.  The  following 
observation  is  instructive  in  this  connection.  The  positions  of 
a  number  of  boulders  in  the  Sligachan  River  were  noted  by  stretching 
a  string  from  bank  to  bank  and  marking  where  the  string  fell  upon 
each  boulder.  After  a  year  and  a  half,  examination  showed  that 
only  one  of  the  train  had  suffered  any  appreciable  displacement,  and 
this  boulder,  which  had  been  moved  (by  sliding,  not  rolling)  two 
feet  or  more  downstream,  was  one  of  the  largest  in  the  neighbour- 
hood, weighing  probably  not  less  than  three-quarters  of  a  ton. 
llie  circumstances  left  no  reasonable  doubt  that  its  uiovement  had 
been  rendered  possible  by  the  artificial  displacement  of  smaller 
Btones  which  had  served  to  protect  and  support  it.  Indeed,  it  may 
fairly  be  conjectured  that  the  downstream  displacement  of  eighty 
or  ninety  yards  recorded  near  Sligachan  bridge  is  mostly  of 
comparatively  late  date,  and  is  due  in  great  part  to  disturbances 
consequent  on  the  movements  of  anglers.  A  similar  remark  applies 
to  loose  screes  among  the  mountains.  I  have  observed  no  sliding 
of  scree-material  that  was  not  directly  due  to  sheep  or  to  shepherds 
and  other  pedestrians,  and  it  is  probable  that  before  the  introduction 
of  sheep  during  the  present  century  there  was  no  such  sliding.  To 
whatever  class  of  phenomena  we  turn,  we  are  led  to  the  same 
conclusion,  that  in  the  district  discussed  the  agents  of  atmospheric 
degradation,  erosion,  and  transportation  are  at  the  present  time 
almost  wholly  inoperative,  and  have  accomplished  only  insignificant 
results  during  the  whole  of  post-GIacial  tiuiu. 


111.— On  F0K8IL  DoHMicB. 
Bj  Dt.  C.  1.  FuHSTTH  Major,  F.Z.S. 

IN  thencmienclatureoffosiil  Myusidra,  tbe  generio  term  JtfyoTNi  W 
hithertu  beeu  uaed  iu  a  broud  aeiise,  iiniler  llie  ansuniption  lli 
the  dibliiiQtivB  obarautera  of  (lie  recent  geiiora  of  tbe  family'  are  n 
Bj'pareut  iii  their  Terliarj  repreBeiitativeB.  It  is  my  puriioae  lo  sliovr 
ill  tbe  preeeiit  uote  that  tbiit  is  not  tlie  case,  there  Iming  in  (lie 
Middle  Miooeoe,  at  any  rate,  two  furms  of  Myoxiriai,  une  a  Jifwear- 
diui'B,  the  other  an  Lliomyt,  whidi  have  been  mixed  up  together  bj 
tieveial  previoua  writers,  under  the  aaiue  Mi/oxut  Snutanieutit. 

1.  MuBOABOiNua  SAHSANiENSia  (Lartet). 
Myozw  Sanianiensig,  Laitet:  Notice  CoUine  de  Sansan,  1851,  p.  20, 
P.  Qervais :  Zool.  Pal.  Fr.,  2*  ed.  (1859),  p.  37,  pi.  «U», 
figs.  14-19.  Lydekker:  Cat.  Fobb.  Manim.  BriL  Una., 
part  i  (18)Jo),  p.  2:^4.  U.  FUhol :  Ann.  So.  Geol.,  xxt 
(1891),  1,  p.  SH,  pi.  i,  figs.  9, 10.  ?  Duperet :  Anili.  Miu. 
Lyeti,  V  (1892),  p.  51. 
?  Msnma  mleloidet,  Uep^ret ;   Aroh.  Mub.  Lyon,  ir  (188T),  p.  15*^; 

pi.  xiii,  figa.  16,  16a. 
]iJyoxai  ZitUli.  Hofmaun  :  Abh.  k.  k.  Qeol.  Reicbsaoat.,  xv  (1893), 
6.  p.  m,  pi.  iii,  figa.  15,  !(!. 
Ab  regards  the  ahaps  and  relative  proportions  of  il«  cheet-teeth, 
tbe  receut  Mvicurdiiiun  avellanariiiK'  is  more  specialized  than  eitlior  1 
Eliomi/i  or  even  GUb  (Mifozuii).  The  pieiuolar  is  nitir-j  rediHvd  than 
in  th«  latter  two  genera,  owing  to  its  being  iDterfered  with  by  tho 
inciaor;*  apparently  by  way  of  compensation,  the  first  true  molar  ia 
increased  in  lenglh.  Moieover,  the  triturating  anrlace  of  the  molars 
of  Mutcaidinug  exhibita  tbe  shape  of  a  raap  much  more  pronounced 
than  in  tbe  above-mentioned  two  genera.  This  conformation  !■ 
quite  unique  amongat  mammalian  teeth  ;  the  molars  of  EUyhai  havo 
beeu  comparted  with  those  of  Museaydinut,  but  they  are  hypselodont 
in  Ihe  extreme  and  exhibit  on  their  crown  an  alternation  of  layers  of 
enamel,  dentine,  and  cementum,  whereas  those  of  the  latter  genu! 
are  probably  tlie  moat  braohyodont  of  all  mammalian  teeth. 

We  might  expect  that  foasil  memtiers  of  tbe  genus  will  show 
a  more  normal  condition  of  their  teeth  than  Muieardinut  avellanaritu', 
this  is,  iu  fact,  in  one  respect  realized  iu  the  left  upper  jaw  of 
a  liurmouoe,  which  more  closely  approachfs  to  Mvicardiutu  than  to 
either  JUiomyg  or  Olit,  and  which  1  therefore  consider  na  a  species 
of  tbe  former  geuus.     1  collected  it  some  years  ago  in  the  Uiddla 

'  It  ia  almost  generallv  admitted  that  the  ^i]U9  ia  represented  by  onlj  oae  rscent 
sppcita.  Hunever,  thi.'  Italian  Jluicardinui  lejoicea  in  twu  tpecific  names:  Jfyomt 
ipeciotui,  Dehue,  frum  Turai  in  the  Basilicata,  Suutbem  Italy  (All^,  dtulsche  nntur- 
Liet.  Zrit.,  186S,  p.  tSO) :  and  MiiKnitlimt*  pulehfi;  Barrett -Hamilton,  from  Siena 
in  Tuscany,  Central  Iwly  (Ann.  Mag.  Nat.  Hist.  (7),  ii,  1898,  p.  Vli).  1  hate 
eiamined  the  skull  and  deutilion  of  the  type  of  M.  puleher,  and  cannot  God  tbe 
■liirhlest  difietence  from  Northern  specimeiis.  On  '  Mifoxat  ipteiotm'  tee  Blasim, 
Naturfr.  I^Biigeth.  Deut«ch1.,  1K5T.  p.  :298. 

'  Winsc,  "Um  gritsVe  I'attBdvv"  ■.  Vidensk.  Meddel.  Naturh.  Foren.  KjiibeD- 
iarn  f.  Aaret,  IB81,  p.  61  (YttVii- 
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Miocene  locality  of  La  Qrive-Saint-Alban  (Is^re,  France) ;  it  in  at 
present  prenerved  in  tlie  Geological  Department  of  tlie  British 
Museum  (No.  M  5.299).  In  this  fossil  the  upper  premolar,  thouorh 
already  reduced  in  size,  is  less  so  than  in  the  recent  species, 
exhibiting  four  transverse  ridges  as  against  two  in  M,  avellanariuH, 
M.  1  is  not  rectangular,  as  in  the  latter,  but  quadrangular.  The 
lengthening  of  this  tooth  in  the  recent  species  is  not,  as  might  have 
been  expected,  brought  about  by  an  increase  in  the  number  of  enamel 
ridges — for  there  are  five  of  them  in  avellanariua,  seven  in  the  fossil 
— but  by  a  widening  of  the  interspaces  between  the  ridges.  In 
the  shape  and  pattern  of  m.  2  there  is  scarcely  any  difference 
between  the  two ;  M.  avellanarius  exhibits  seven  transverse  ridges, 
the  corresponding  fossil  t^oth  six  complete  and  two  abortive 
ridges.  M.  3  is  the  smallest  of  the  true  molars  in  both  species.  In 
M.  avellauartuB  there  are  six  transverse  ridges,  more  crowded 
together  than  in  the  anterior  molars ;  the  fossil  tooth  is  not  larger 
than  the  recent,  but  it  contains  no  less  than  twelve  exceedingly 
minute  transverse  ridges.  Short  intermediate  ridges  are  present 
near  the  outer  margin  of  all  the  true  molars  of  the  fossil.  The 
length  of  the  four  cheek-teeth  is  3|  mm. 

In  the  conformation  of  the  premolar  and  in  the  reduced  size  of 
m.  1,  the  fossil  form  therefore  approaches  towards  a  more  normal 
condition;  it  comes  near  Glis,  which  in  its  turn  is  intermediate 
between  Muscardtnus  and  Eliomys,  But  in  the  pattern  of  the  molars, 
and  more  especially  of  m.3,  the  Miocene  species  is  still  more 
specialized  than  the  recent  species  of  Muscardinua, 

The  remains  from  La  Grive  are  by  no  means  the  only  ones  known 
of  this  species.  Lartet  has  given  the  name  Myoxus  Sansantenait*  to 
the  smaller  of  two  dormice  from  Sansan.  His  description,  which 
I  transcribe,  is  rather  imperfect :  "  Petit  Loir  de  la  taille  de  notre 
Souris  domestique.  La  couronne  de  ses  molaires  eat  plus  compliquee 
de  contours  emailleux  que  celles  du  Lerot  et  du  Muscardhiy  par  qiioi 

il  se  rapprocherait  davantajije  du  Loir  proprement  dit "  * 

However,  from  the  characteristic  figures  published  by  Gervais,'  and 
from  some  remains  presented  by  Lartet  to  the  British  Museum  (Natural 
History) — No.  33,274^ — it  can  be  seen  that  the  Sansan  dormouse  is 
identical  with  the  one  from  La  Grive.  Gervais'  figures  have  met 
with  severe  but  quite  unfair  criticism  from  more  than  one  of  the 
later  writers  on  the  subject,  because  these  figures  disagree  with  tiie 
teeth  of  another  form  of  fossil  dormouse  hereafter  to  be  described, 
which  was  wrongly  held  to  be  the  species  noticed  by  Lartet. 
Lydekker  is  quite  right  when  stating  that  the  Sansan  specimens  in 
the  British  Museum  (Natural  History)  agree  precisely  with  those 
figured  by  Gervais.* 

The  fragmentary  remains  from  Sansan  in  the  British  Museum 
afford  information  with  regard  to  the  alveoli  of  the  cheek-teeth, 

^  Loc.  cit. 

'  Zool.  Pal.  fr.,  pi.  xUt,  figs.  14-19. 

'  See  Cat.  Foss.  Mamm.  Brit.  Mus.,  part  i,  p.  224. 

*  Lydekker,  Cat.  Foaa.  Maniiii.,  parti, "5. 114. 


ulinwing  that  the  fossil  species  differs  from  tlie  recent  in  the  niiinl*i 
III'  niuiB  of  tlie  upper  teeth.  A  winttU  fragment  of  tlie  iij')wr  jnw 
exhibits  the  alveulus  of  the  pi-emolar  nrnl  that  of  the  6m  trii* 
idoIaI',  The  former  ahnws  that  the  ii]>per  premolar  had  thrM 
ditlioclly  nepamte  roola.  like  ibe  first  iTim  luolar,  tliough  niinuMr 
an<l  niDru  ori}wd{>d  tn^^ether  than  in  the  l&Mer.  In  botb,  twrn  luiouti 
roots  are  situftted  externally,  a  larger  one  inteniaJly,  Thie  omi- 
foririntion  of  the  roots  of  J/iurirrffniis  Santnnientii  is  cftiifirmeil  \jy 
Bii  exaniinHtion  of  the  foesil  jnw  from  La  Grive,  from  whiiih  it  furthar 
appears  that  the  three  roola  of  m.  2  and  m.  3  are  arranged  in 
sniiie  manner  as  in  the  anterior  teeth. 

In  Mvtctirilinui  apellanariua  the  npper  pTemolar  in  nne-rooteili 
Tlia  rools  of  Ibe  first  true  niolnr  are  desorihed  by  Kebting  H 
follows:  "'Dererate  (langgestretikte)  Mohii-  bvilzt  fiiof  WniWu. 
deren  Alvenlen  so  gestellt  sind,  dass  sie  ein  Trai>ez  bilden  :  dm- 
deraelbeD  liegen  an  tier  Qanmeuselte  (die  mittlers  ist  nebr  zart).  dit 
beiden  aodem  finden  sioh  an  der  Aiiesenst-ile  des  Kii^fera."  Tbt 
aeoond  and  third  upper  molar  each  exhibit  fonr  roots.' 

The  lower  jaws  from  lift  Grivo  at  my  disposal  are:  (1)  A  Hf;ht 
mandibular  rnmns  (Geol.  Dep.,  No.  M  5,300),  tn  which  only  m.  2  k 
preserved.  Leof^lh  of  the  alveoli  of  the  fonr  oheek-teetb  3j  mm.,, 
as  ill  the  upper  jaw  from  the  snme  deposit.  (2)  A  fragmentary 
right  ramus,  exhibiting  Ibe  first  and  second  (rue  molars.  Amnngrt 
the  small  fragments  from  Sansan  in  the  Geological  Department' 
(No.  33,274)  is  (I)  a  mandibular  fragment,  right  side,  showing  the 
empty  alveolus  of  the  premolar,  snd  the  first  true  niolnr;  (2)  a 
fragment  of  o  right  ramus,  in  which  are  preserved  ibe  first  and 
second  true  molars.  The  general  character  of  all  these  teeth  is  that 
of  those  of  the  upper  jaw.  Their  crown  is  perfectly  fliit ;  the 
transverse  ridges  show  uo  tendency  to  form  tubercles  at  either  the 
outer  or  the  inner  margin,  although  some  of  the  crests  join  together 
on  the  outer  and  on  the  inner  side.  This  occurs  likewise  in  ths 
recent  Mn$cardimu  avellanariva,  but  to  a  leaser  exient  than  in  the 
fossil.  M.l  is  of  slightly  less  size — shorter  and  narrower — than 
m.  2,  and  considerably  shorter  than  m.l  of  Mutcurdiniii  aveUanarimt, 
also  difitrs  from  it  in  the  same  manner  as  does  the  corresponding 
upper  tooth  of  the  fossil  from  that  of  the  recent  form.  Thia  tooth 
in  the  fossil  is  almost  square;  the  posterior  margin,  however,  is 
broader  than  the  anterior.  The  number  of  transverse  ridges  is  sis, 
in  both  the  fossil  teetb  preserved  (m,  1  and  m,2),  hesidee  soma 
incomplete  intermediate  ridges  situated  near  the  inner  aide.  In  one 
m.  1  of  La  Qrive,  a  much  worn  tooth,  I  observe  only  five  complete 
ridges. 

From  the  alveoli  preserved,  the  number  of  roots  can  be  made  out 
as  follows:  one  in  ihe  premolar,  two  in  the  true  molars.  In  the 
recent  species  the  lower  premolar  has  likewise  one  root,  m.  1  three 
roots,  m.  2  four,  m.  3  three.' 

'  A.  Netiring,  "  Zun  ZafansjitetD  dei  Mjoiiaen"  :  Zsitwlir.  Geuninit.  Nalvrv., 
ie:a,  p.  739.     . 
'  A'ehriug,  lot.  cit. 
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It  seems  probable  tbat  Deperet's  Myoxus  nileloides  from  La  Grive- 
Saint-Alban^  is  likewise  a  synonym  of  our  Mwicardi»UB  SansaniensiSf 
a  view  whiob  Deperet  himself  advocates  in  his  later  publication*  by 
uniting  bis  species  with  Myoxus  Sanaaniensis,  Lart,  from  Sansan. 
But  neither  the  description  nor  the  figures  are  sufficiently  accurate 
to  decide  the  matter. 

Hofmann '  has  described  two  fragmentary  lower  molars  from  the 
^liddle  Miocene  of  Goriach  and  recognized  them  as  belonging  to 
Miiscardinus,  He  proposes  a  new  specific  name,  M,  SRiteli,  under 
the  belief  that  they  are  a  new  form,  but  they  belong  undoubtedly  to 
the  species  described  by  Lartet.  Tlie  two  molars  are  said  to  be 
from  the  left  lower  jaw ;  on  p.  43  of  the  text  they  are  referred  to 
as  m.  2  and  m.  8,  in  the  table  of  measurements  of  p.  44  and  on 
the  plate  as  m.  1  and  m.  2.  M.  1  (m.  2  of  p.  43),  at  any  rate  the 
anterior  one  of  the  two  according  to  the  text  and  the  plate,  is 
incomplete  on  the  outer  side  and  slightly  longer  than  the  other 
(1'5  : 1'Omm.).  Taking  into  consideration  that  in  the  description  of 
the  teeth  it  is  stated  that  their  intermediate  crests  are  near  the  inner 
side,  it  results  from  the  inspection  of  the  enlarged  fig.  16  that  the 
one  marked  m.  2  in  the  figure  is  in  reality  the  anterior  one,  and 
therefore  m.  1 ;  the  other,  which  is  slightly  longer  and  damaged  on 
the  outer  side,  marked  m.  1,  is  the  posterior  of  the  two.  This  is  on 
the  assumption  that  the  teeth  are  really  from  the  left  lower  jaw, 
as  seems  most  probable.  As  stated  above,  in  a  mandibular  ramus 
from  La  Grive,  m.  2  is  slightly  larger  and  also  longer  than  m.  1. 
Hofmann's  farther  description  agrees  with  Mu$cardinut  Sansantenala 
from  Sansan  and  La  Grive. 

2.  Eliohts  IIamadrtas,  sp.n. 

Myozu$   Sansanienais,   Schlosser :    Palseontogr.,   vol.   xxxi  (1884), 
p.  97  (79),  pi.  vi  (ii),  fig.  46. 

The  assumption  that  all  the  Middle  Miocene  Myoxid®  are  a  single 
species,  viz.,  the  one  from  Sansan,  called  Hyoxua  Sanaanienaia  by 
Lartet,  rests  on  the  foregone  but,  as  before  stated,  quite  unjustifiable 
conclusion,  that  Gervais*  figures  of  the  latter  form  are  inaccurate. 
Fraas,  who  was  the  first  to  assign  this  name  to  Myoxine  remains 
from  Steinheini,*  gives  no  other  reason  for  this  identification.  Since 
Steinheim  has  a  considerable  amount  of  mammalian  species  in 
common  with  Sansan  and  La  Grive,  it  is  quite  possible  that  the 
small  Muacardinua  of  the  two  latter  localities  may  occur  in  the  former 
also.  But  it  is  very  difficult  ^o  understand  what  Fraas  had  before 
him,  for  his  statement  goes  no  further  than  to  assert  that  his  fossils 
from  Steinheim  belong  to  the  Myoxidae  family  :  "Die  Faltung  des 
Kronen schmelzes  ist  die  der  lebenden  Arten."    From  the  dimensions 

*  Arch.  Mw8.  Lyon,  iv  (1887),  p.  164. 
»  lb,  V  (1892),  p.  51. 

'  A.  Hofmann,  "Die  Fauna  von  Goriach'*:  Abh.  k.  k.  Geol.  Reichsanst., 
XV  (1893),  6,  p.  43,  pi.  iii,  figs.  15.  16. 

*  <).  Fraas,  **  Die  Fauna  von  Steinheim**  :   Wiirttemb.  Naturw.  Jahrealv.^"i.v;v 
(1870),  p.  l»u. 


given  it  wnuU  nppesr  ibat  part  nl  least  of  the  Steiiilieim  MyniMa 
oliserveJ  liy  Imtu  ^rolialily  beluu^  to  a  Inrfrti-  tbnii  llian  Munfntiiinai 
Sunraniengu.  TIjh  ivolti  of  the  lower  clieek-tfelh,  aa  deacrihe't  iiy 
FrHBB,  agree  wilh  tiioee  oF  llie  species  beie  deBcribed  uuder  tlie  n!<uve 
lieftding. 

Solilosser  likewise  unites  the  Steinlieim  Bpeoies  with  -  jHyniu 
Sntitniiieruit."  But,  otbsrwise,  by  a  true  coiiueptiuii  of  ibe  [wttt-m 
of  Myoxine  molai's.  be  ooiiaidertibly  iinprovee  on  Ins  preili?oM«or'» 
work,  althougb  provided  wilb  much  Bcantier  material  from  iSlein- 
lieira.  A  good  deBoriptioii  and  a  I'airly  good  figui-e  of  the  bwof 
luolarB  are  given.'  Hiey  are  desoribed  as  exhibiting  four  trHmvprM 
crc'sis  ruiitiiiig  completely  aoross  the  triturating  surfaoa,  wliiUt  tbrva 
minor  oresla,  starting  from  tbe  inner  margin,  teroiinatv  \a  tint 
middle  of  tbe  orown.  In  older  speoimeus  a  partial  fusion  l^twem 
two  adjoining  traiiBversal  crests  may  occur.  The  Sleinheim  speoitrs, 
acoordiug  to  Schlosscr,  shows  affinitiea  with  Olit  {Mgoxua)  aa  well 
aa  with  £liomiis,  abaring  with  the  former  tbe  large  number  nf 
Irnnsverse  ridges;  with  the  latter  the  concavity  of  the 
surrounded  by  strongly  raised  margins. 

Further  on  it  will  be  shown  that  at  La  Grive  -  Saint- Albaiii 
the  Myoxidse  are  represented  by  a  eecond  form,  larger  than  tli«j 
Jluteitrditiut  Snnianieimi  and  otliorwise  different,  belonging  la 
the  genus  EHoniyi,  and  identical  with  the  lower  niolara  dt^sorilieu 
by  Schlosaer  from  Sleinheim.  Tilbol  was  nwnre  (hat  the  Sleiiibi ' 
lijiecies  is  Jistiuct  from  ■  Mi/nxus  tiansanieiiei!  '  of  Satisun  :  ''.... 
il  m'a  paru  que  Tesp^ce  de  Satiian  6tait  differente  de  oelle  de 
Sleinheim,  quia  et£  contondueavecelle,"'  De  pe  ret  follows  Scblosser 
by  mixing  up  both  in  the  synonymy  of  'Mijoxui  Samanienat*.' ' 

No  upper  jawB  of  this  larger  dormoiise  from  La  Grive  are  at  my 
disposal.  This  is  the  more  to  be  regretted  as  the  only  upper  molnra 
—from  the  Middle  Miocene  of  the  Halmenberg.  Kies— which  pre- 
Bumably  belong  to  this  species  are,  according  to  Scblosser,  from  an 
old  individual,  so  that  the  original  pattern  cannot  be  clearly  made 
out ;  this  13.  in  fact,  confirmed  by  the  published  figure.* 

I  have  found  at  La  Grive  two  mandibular  rami  of  the  left  side, 
at  present  in  the  Geological  Department  of  tbe  British  Museum 
(M  5,298),  which  I  hold  to  be  identical  with  the  species  described 
by  Scblosser  from  Sleinheim.  Tbe  mandibular  angle  is  imjierrect 
in  both,  but  on  one  specimen  it  caa  clearly  be  seen  that  it  wns 
perforate.  In  one  of  the  specimens  only  ni.  1  is  preaerved,  iu  the 
other  ni.  1  and  in.  2,  the  former  of  the  two  being  damaged  on  the 
inner  side.  The  teeth  preserved  and  the  alveoli  of  those  missing 
show  that  each  of  the  true  molars  had  three  roots,  two  soiallvr 
anteriorly  and  a  larger  odd  one  posteriorly,  cloae  to  tbe  outer  margin 
of  the  bone.  The  broken  fragment  of  tbe  premolar  in  the  one 
specimen  and  the  shape  of  its  alveolus  in  the  other,  prove  that  Iho 

'  Loo.  cit.,  p.  97  (79),  ph  ■>"  (ii),  fig-  *8- 

»  Ana.  Sc.  Glol.,  iii  [1891),  art.  No.  1,  p.  38. 

'  Arcli.  Mils.  L^on,  i  a992|,  p.  ol. 


il 
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premolar  bad  one  root  and  wa«  rp(;tanj«^ular,  lonj^jpr  tlinn  broad. 
The  crowns  of  the  molars  arc  Hlightly  concave.  The  iiniquf^  \\\.  2 
exhibits  six  transverse  crests,  two  of  which  are  incomplete.  Three 
of  the  crests  swell  on  the  outer  margin  into  three  blunt  ciopK, 
separated  by  two  indentations  of  the  margin.  I'he  second  and  the 
fifth  crest  do  not  reach  the  inner  side  ;  the  first  and  third,  and  the 
fourth  and  sixth,  are  united  together  on  the  inner  side  by  the  raisi'd 
margin  of  the  crown,  leaving  in  the  middle  of  this  internal  margin 
a  small  opening,  which  corresponds  to  the  interspace  between  the 
tbinl  and  the  fourth  crest. 

M.  1  is  slightly  longer  than  m.  2,  and  exhibits  four  cusps  on  the 
outer  side,  which  in  the  one  specimen  are  more  distinctly  separated 
from  each  other  than  in  the  other  by  three  indentations.  The 
specimen  of  m.  1,  in  which  the  inner  side  is  completely  preserved, 
shows  this  to  be  of  the  same  conformation  as  the  inner  side  of  m.  2. 
In  addition  to  the  six  transverse  crests  of  m.  2,  the  unbroken  m.  I 
exhibits  a  mere  trace  of  a  supplementary  ridge  in  the  interMpace 
between  the  first  and  the  second  crest ;  and  Ix^sides,  the  third  crest 
sends  off  a  ramification  into  the  interspace  between  the  second  and 
the  third,  near  the  inner  margin. 

The  slight  divergence  between  the  above  description  and  that 
given  by  Schlosser  is  certainly  not  indicative  of  two  different 
species.  I  find  variations  of  a  similar  kind  in  different  specimens 
of  recent  species,  as  for  instance  Eliomijs  nitednldy  where  the  minor 
riilges  are  sf>metimes  reduced  to  almost  imperceptible  knobs. 
Similar  variations  of  Myoxine  teeth  are  registered  in  Keuvens* 
monograph  of  existing  Myoxida^.^  For  the  same  reason  I  do  not 
attach  any  value  to  the  slight  divergences  between  my  two 
6()ecimens  from  La  Grive,  although  they  might  seem  to  acquire 
some  importance  by  the  fact  of  being  of  different  size  as  well.  In 
the  ramus  with  two  molars  preserved  (M  5,2i>8a),  the  alveoli  of  tlie 
four  cheek-teeth  have  a  length  of  3 J  mm.,  in  the  other  (M  B/ZOiib) 
of  4}  mm. 

As  to  the  aflSnities  with  recent  forms,  Schlosser,  when  considering 
the  Steinheim  dormouse  to  be  somewhat  intermediate  between  G/m 
and  Eliomys,  seems  to  have  taken  into  consideration  only  one  specits 
of  the  latter,  JS.  qnercinuH,  My  view  that  the  fossil  is  an  JSUomijs  is 
supported  by  the  following  characters : — 

(1)  Perforation  of  the  mandibular  angle,  whereby  it  agrees  with 
both  EHomys  qnert^iuus  and  E,  uitcdula,  but  differs  from  Glis. 

(2)  Numl>er  and  position  of  the  roots. — As  shown  long  ago  hv 
Nehring,^  there  is  considerable  difference  betweon  Glis  glis  and 
Eliomyn  qnercinns  in  the  alveoli  of  lower  molars.  **  Each  of  the  four 
teeth  of  Gli»  glis  has  two  alveoli,  situated  one  behind  the  otiier 
and  not  sharply  separated  in  the  anterior  tooth.  In  E.  qnercinns  the 
premolar  has  only  one  root,  each  of  tlie  three  molars  three,  two  of 
which  are  situated  anteriorly,  one  by  the  side  of  the  other,  the  third 

1  C.  L.  Reuvens:    **  Die  Mvoxida?  oder  Schliifer**  (1870). 
*  Op.  cit.,  p.  738. 
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one  posleridily,  near  the  outor  margin  of  Ih*  jaw."'  From  wl'it 
liiiH  been  staled  before,  it  fi>Uiiw«  iliat  the  fossil  agrees  vritli  EUonigt 
i/uereiutit  iu  tlie  number  and  (loeitioii  of  the  loola. 

(3)  CiHioavily  of  the  orowu. — This  feature  boa  been  alreftdy 
piiiiit«i1  out  by  tichlo^Ker. 

(4)  Pattern  of  tlie  (.heek-teelh.  —  Sohloe»er  remarks  lU»t. 
oppoHJtioD  to  Eliom^i,  the  fossil  shnreB  wilh  Glig  the  Inrge  nnniW 
ot  trnnsvei-BO  ci'eetti.  Hownvei-,  ihe  eastetn  Bpeoiten  uf  EliuKg*,, 
£.  uiledula,  baa  quite  an  niauy  as  Gtia,  nncl  in  their  nrrnngvtui-ul 
R;;ri-eB  move  with  the  fossil  than  doeB  the  last-nameil  g^nus.  In. 
(lie  latter  the  tiuiisverse  crettts  »n  much  mnre  looRely,  or  not  Rt  all,. 
ooiine(it«i<t  by  a  raided  iutvmal  margin,  so  that  ihe  triiiiraiin^  eurfttoa^ 
a|i|i roaches  the  lonii  of  a  riisp,  a  feature  of  the  molure  which  in  still 
mure  ilinliuctly  exliihiti^ii  liy  Mmeardtaiit. 

Hy  the  specifiu  uame  E.  namadrynt,  which  T  [iro|ione  for  the  fnasil. 
from  Steinheim  and  La  Grive— takiug  M  6.2986  trom  U  Grive  m 
tlie  type  of  the  Bjiecies — 1  wish  to  reoall  its  affinity  with  the  reoeiil 
Eiotugf  mVedu/a,  Pall.  [E.  Dii/'iii,  Sohreb.).  It  is  diiOiTiguiahcd  from 
tlio  lutter  by  superior  eize  and  liy  m.  1  being  liirger  than  ui.2,  wbila 
Ihe  reverse  is  the  case  in  the  reeent  species. 

The  nuppitsed  second  spfoies  uf  dormnuse  from  Sansaii  cannot  li* 
seriously  considererl,  beciinse  it  has  not  been  descHlied  ;  and  froi»> 
Ihe  way  in  which  Laifet  mentions  it,  it  appears  that  he  entertaiue^i 
doithts  about  its  afGiiilies:  "jl/yn»i«??  ineertut. — D'apr^s  quetqnn 
dents  molaires  et  des  os  des  extr^mil^s  annuu^ant  uue  autre  espeue 
de  Zoi'r  plus  grand  que  le  Lorot."'  £.  Bamadrya§  is  sniRller  ibttn 
K.  i/imciuuii.  whilst  lliis  prohleiiiiitic  fussil  is  RHid  tu  he  Uir^^r. 

It  only  remains  to  compare  E.  Hiimadrgna  with  the  Lower  Miocene 
dnriiiice  ;  i>ut  I  have  scarcely  any  material  lov  coni[iarisoQ,  and, 
besides,  the  two  horizims  have  not  to  my  knowledge  a  single 
mamnmlian  spedes  in  common.  Of  tiie  three  mandibles  which 
are  noticed  iu  the  Cainlogue  of  Fo(«il  Mauinialia  in  llie  British 
Museum' under  the  heading  3/yDxus  mnnnux,  Pomel,  only  No.  31,118, 
from  tlie  Lower  Miocene  of  the  Allier  (Braviird  Collection),  is 
a  dormouse.  The  two  others,  No.  M  1,620.  from  the  Upper  Eocene 
of  Cuylux,  France,  as  well  as  No.  34.90i,  from  the  Lower  Miocene 
of  l'iiy-de-D6ine,  France,  belong  lo  the  gi-niis  ioJiijs,  wliicb  lins 
been  placed  by  Winge  into  the  family  Dipodidae.*  The  supposed 
close  agreement  between  the  cheek -teeth  of  M  1.639  and  Filhoi'a 
figures  of  '  Myoxtu  marirmt  '  only  exists  bo  tar  as  the  dimeuaions 
are  concerned. 

Of  the  cheek-teeth  only  the  first  true  molar  is  preserved  in  the 
right  Qiandibular  ramus  from  Allier  (No.   31,118);  it  shows  that 

'  E.  niledula  haa  l>een  eometimes  considfred  to  be  a  specii-^  of  Glit.  Besidfs 
tlie  a)!Ti  emriits  nith  E.  quirtinvt  pointed  out  in  tbe  text,  the  upper  molars  of 
E.  nili'dula  likewiae  defidnlly  fnruur  the  eamt  xinv,  as  has  beta  bIiokq  by  Wia^ : 
Vidvnxk.  .Medtl.  Katurb.  For.  Kjob<;uhnvii  I.  Aant,  ItJIJl,  pp.  51,  aS  (1882). 

'  Op  dt-.p,  20. 

>  l>Hrti(l«85).  pp.  224-S. 

'  U  Wiuy«,  "  Jonltuudne  "g  iiulcvtade  Gnavere,  etc."  ;  E  Museo  LundJi,  I, 
ill  (JSS'J.pp.  118,  Itiij. 
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Pomers  description  of  the  molars  of  * Myoxus  mnrtnus*  is  quite 
correct :  *'  Les  molaires  ont  una  forme  de  couronne  pins  compliquee 
que  celle  du  16rot,  auxquelles  elles  ressemblent  le  plus."  ^  We  have 
here,  again,  the  pattern  of  the  Eliomys  molar,  approaching  close  to 
E.  Hamadryns.  There  are  four  complete  crests,  alternating  with 
three  rudimentary  ones;  besides,  three  tubercles  on  the  outer 
margin.  In  addition  to  the  usual  indentation  in  the  middle  of  tlie 
raised  inner  margin,  there  is  a  slight  indentation  on  its  anterior  half 
as  well ;  and  this  is  about  the  only  difference  from  JS.  Hamadryaa  in 
the  pattern  of  the  tooth. 

The  alveoli  of  the  true  molars,  however,  differ  considerably,  and 
show  that  the  lower  molars  of  Eliomys  Pomeli,  Trouess.  (=E.  murtnus^ 
Pom.),  had  each  only  two  roots.     The  premolar  was  one-rooted. 

In  size,  m.  I  of  E.  Pomeli  is  slightly  inferior  to  the  corresponding 
tooth  of  JS.  Hamadryas,  although  the  length  of  the  whole  lower 
dental  series  is  about  the  same  as  in  the  smaller  specimen  of  the 
latter  species  (3^  mm.). 

T  conclude  the  present  note  by  a  few  remarks  on  the  Pleistocene 
Leiihia  and  on  the  affinities  of  Dormice  generally. 

Mr.  Lydekker*  has  proposed  a  new  genus,  Leiihia,  for  the  Pleisto- 
cene '  Giant  Dormouse '  of  Malta.  He  is  quite  positive  in  asserting 
that  this  fossil  does  not  belong  to  the  Myoxidaa,  nor  to  the 
•  Myomorpha,'  and  he  inclines  to  constitute  for  this  genus  a  separate 
family  (Leithiidee)  of  *  specialized  Sciuromorpha.'  His  reasons  are 
twofold : — 

(1)  The  infraorbital  foramina  are  said  to  be  of  very  minute  pro- 
portions, thus  resembling  wliut  obtains  in  squirrels.  This  I  venture 
to  deny,  for  it  is  quite  evident  that  the  slit-like  appearance  of  tiio 
infraorbital  foramen  in  some  of  the  skulls  is  due  to  their  crushed 
condition  ;  in  one  which  is  a  more  normal  cranium,  the  foramen  is 
of  considerable  size. 

(2)  The  upper  cheek  -  teeth  are  said  to  resemble  those  of 
Sciuridas,  and  are  said  to  be  nearest  to  Xerus  and  Pteromyti  ; 
therefore  **  it  seems  not  impossible  that  both  types  of  teeth  might 
be  derived  from  a  common  stock."  With  this  last  proposition  I 
quite  agree.  It  is,  however,  well  known  that  the  same  may  be  saiil, 
and  with  greater  truth,  of  the  Myoxine  Eliomys,  the  four  upper 
cheek-teeth  of  which  "agree  in  the  main  with  the  coiTesponding 
teeth  of  SciuruB  vulgaris  "  * — indeed,  more  so  than  the  teeth  of  Leiihia 
agree  with  those  either  of  Xerus  or  Pteromys. 

If  no  other  choice  was  left  save  to  class  Leithia  and  the  Myoxidas 
with  either  the  *Myoniorpha'  or  the  *  Sciuroniorpha,'  then,  taking 
the  Murida3  to  be  the  type  family  of  the  former  and  the  Sciurida}  the 
type  of  the  latter,  tliey  would  have  to  be  ranged  with  the  latter, 

*  Pomel  :   Catal.  Mcth.  et  Descr.  des  Vert,  foss.,  etc.,  1853,  p.  24. 

2  R.  Lydekker,  "On  the  Affinities  of  the  so-called  Extinct  Giant  Dormouse  of 
Malta'* :   Proc.  Zool.  Sue.  London,  18iJo,  p.  8f30, 

*  H.  Winge,  '•  Um  grwake  Pattedyr*'  :  loc.  cit.,p.  61. 


w)iio)i  in  itK  esDeiilial  cIiaractn'H  an  a  fainily  bIiows  a  man  primilirt 
uonl'tirniation. 

Wliilst  it  teema  to  mo  perfectly  justifialile  to  create  a  wparnt* 
genua  for  the  Malla  fo»Bil,  I  fail  to  see  any  Btringeut  necegsily  f"r 
reuioving  it  from  the  Donnioe,  with  wliioh,  as  far  as  our  prespnl 
kiiowleilgs  goes,  it  agrees  best  in  the  CTaniiil  and  denial  oliaractHra, 
uH  well  M  in  the  ooufurmation  of  the  limbs.  11ie  otily  other  Ki^"f 
which  comes  in  question  is  the  AnomHiurirlis  of  Wing».  But  thi« 
remark  applies  equally  to  tlie  Myoxiilre  );eijerslly,  as  wtw  long  offt 
recognized  by  Waterhouse,  fullowed  by  (Jervais.  Both  tlifna 
zoologists  gave  proof  of  remarkable  pempicacily,  the  foTnier  in 
approximating  Anomalurut  to  the  Myoxiiife,'  the  latter  in  groupinf; 
j4  no  inn  funis, '  Mgaxvs'  and  the  Tertiary  Theridomyinie  in  one  family ' 
Flower  and  Lydekker'  place  Anomaltirut  in  the  '  SoiiinimorchH,' 
llie  MyoxidtB  in  the  '  JJyoniorpha,'  and  the  Theridomj-td»  lu 
•Hystriconir.rpha,' 

In  fliipporl  of  placing  Leithia  with  (he  Annninlnridiri,  instenit  of 
with  the  ItlyoxidsB,  miglit  be  adduced,  first,  its  nmlariform  pro* 
molars,  which  are  less  reduced  than  even  in  £liontji»  or  Gilt',  ttuA, 
(i.'oondty,  the  inner  longitudinal  'wall'  of  its  iip[>er  clieek-reelh, 
which  ia  a  peculiar  feature  of  jdnomalartu,  but  not  ol  imwoni  Sciurin* 
■iioiars,  I'hese  characters  we  have  to  weigh  against  tli«  Myoinitfr 
iUbIuI  union  of  the  tibia  and  flbnla  in  Letlhia,  Cousidering  that: 
niready  within  Anomaluridse  occur  reduced  premolars,'  and  Ibat 
the  aforementioned  oonformaiion  of  the  upper  molars  oci'iirs.  iviibin 
AmimnluridtB,  in  the  genus  Anmiuiliiniit  alone,  we  sh.jnM  best  mc.-l 
nil  Ihe  exigt-nciea  of  the  case  by  classing  the  whole  of  the  Dormice, 
Li-ith'a  included,  at  the  end  of  the  Anonialuridte  as  one  of  their 
i-ub- families,  of  equal  rank  wiih  Winge's  "Trechomyini,  Anomalnrini, 
'i'heridomyini,  and  Pedetini."*  This  is  about  the  place  agfigned  to 
the  Dormice  by  Von  Zittel,'  who,  however,  conslitutea  for  them 
and  for  AViuge's  Anomaluridre.  etc.,  a  provisional  sub-order,  Ihe 
I'l-otrog^moi  pha,  a  course  which  has  the  advantages  but  also  the 
di-lecls  inherent  to  compi-ymises.  And  so  has  ibe  oilier  course 
followed  in  the  Handbuch,  viz,,  the  retention  of  the  terms  Scinro- 
tiinri>ha,  Uyomorplia,  etc.,  attaching  to  them,  however,  a  rather 
difF'.'rent  meaning  from  that  intended  hy  Brandt,  who  unfortUDately 
i>  still  followed  bj'  the  majority  of  zoologists. 

For  at  the  bottom  oF  the  whole  matter,  and  the  cause  of  all  Ibe 
mischief,  are  the  'hard-and-fast'  divisions  into  which  the  Rodent 
gi'oera  nre  up  to  the  present  day  being  forced.  If  we  continue  to 
cling  to  the  '  time-honoured  '  but  unnatuial  sub-orders  Seiuromorpia, 


'  Proc.  Zool.  Soc.  Lond'>n,  1S12,  p.  126. 

'  Znil.  I'd.  Fr„  2'  c(l.  {1839),  u.  21. 

'  ••  IntroductioD  lo  the  Stuitr  of  Manimnk,"  1891,  pm  4(9,  4.53,  484. 


I.  I'd.  Fr„  2'  c(l.  {1839),  u.  Z 

troductioD  lo  the  Stuitr  of  Manimnk,"  1891,  pp.  419,  • 
ir  tfvttmpk;,  in  ZenkireUo  (Aitburue).     Cf.  W.  E.  AeV 


I  8[ieties  of  Rodeuts  ol  the  Farailj  Anomaluridie  " ;    Froc.  Zool.  Sue. 
>u<i<iii.  i_a9ft,  11.  450. 
'  II.  Wjiijfe,  "  Jordtundna  02  nuleyende  GaoTere"  ;  loc.  cit.,  1887,  p.  118. 
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Jfifomorpha,  and  ffyslricomorpha  of  Brandt,  we  cannot  hope  to  gain 
an  insight  into  the  mutual  affiuitiett  of  the  varioiin  groups  of  the  order. 
Tht*He  sub-onlers  are  unnatural  because  (I)  they  ignore  the  foHsil 
Koilentia  and  the  lessons  taught  by  them  ;  (2)  in  some  instances 
they  present  an  amalgamation  of  heterogeneous  groups ;  and  (3)  they 
draw  barriers  where  in  reality  there  are  none.  Winge,  by  pulling 
down  these  artificial  barriers,  has  taken  the  bull  by  the  horns,  and 
we  cannot  do  better  than  follow  him. 


IV. — On  the  South-Eastkbn  Coalfield.* 
By  Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S. 

11HE  discovery  of  a  coalfield  in  1890  at  Dover,  in  a  boring  at 
the  foot  of  Shakespeare  Cliff,  has  been  already  brought  before 
the  British  Association  by  the  author  at  Cardiff  in  1892,  and  is  so 
well  known  that  it  is  unnecessary  to  enter  into  details  other  than 
the  following.  The  Carboniferous  shales  and  sandstones  contain 
twelve  seams  of  coal,  amounting  to  a  total  thickness  of  2li   feet 

5  inches.  These  occur  at  a  depth  of  1,100  feet  6  inches  below 
Ordnance  datum,  and  have  been  penetrated  to  a  depth  of  1,0G4  feet 

6  inches,  or  2,177  tVet  6  inches  from  the  surface.  They  are  identical, 
as  I  have  shown  elsewhere,'  with  the  rich  and  valuable  coalfields 
of  Somersetshire  on  the  west,  and  of  France  and  Belgium  on  the 
east  The  discovery  is  of  great  practical  value,  as  it  will  probably 
result  in  the  same  development  in  Kent  of  industries  and  manufactures 
which  has  taken  place  where  the  coal  has  been  worked,  under  the 
same  conditions,  beneath  the  Cretaceous  and  Jurassic  rocks  in  France 
and  Belgium.  It  is  of  equally  great  theoretical  value,  as  it  proves 
up  to  the  hilt  the  truth  of  Godwin-Austen*s  view,  published  in 
1858,  that  the  Coal-measures  lie  buried  underneath  the  newer  rocks 
in  South-Eastern  England. 

After  the  boring  was  completed  in  1893  the  discovery  lay  dormant 
until  in  1897  the  Kent  Collieries  Corporation  V)egan  to  sink  shafts 
on  the  site  of  the  boring,  and  to  put  down  boreholes  at  Brabourne 
and  Pluckley,  in  the  Weald  of  Kent,  to  verify  the  range  of  the 
Coal-measures  in  the  property  which  they  held  under  lease. 

The  Mid-Kent  Coal  Syndicate  also  put  down  a  boring  at  Penshurst, 
and  the  Kent  Coal  Exploration  Company  began  work  in  various 
parts  of  eastern  Kent.  The  borings  of  the  two  latter  undertakings 
have  been  carried  on  under  my  supervision,  and  none  of  them,  as 
yet,  is  completed.  They,  nevertheless,  throw  important  light  on 
the  range  of  the  Coal-measures  in  South-Eastern  England,  and  are 
not  unworthy  of  being  brought  before  this  meeting  of  the  British 
Association. 

The  first  boring  to  be  noticed  is  at  Ropersole,  a  spot  near  the 
highway  between  Dover  and  Canterbury — eight  miles  from  Dover, 
at  400  feet  above  O.D. — the  surface  being  composed  of  Upper  Chalk, 

*  A  paper  read  before  Section  C  (Geology),  British  Association,  Dover  Meeting, 
September,  1899. 

-  Proc.  Royiil  Inst.,  June  6,  1890.  Trans.  Manchester  Geol.  Soc  .,  x\ii^  Fob.  2^ 
1894  ;  XIV,  Feb.  9,  1897. 


602        Frc/tMr  W.  Soj/d  Ihnrtht—Tfif  B  . 

^^^^ 

will,  a  tliin  Htratucii  of  Clny-wil1i-FHnt.fi.     Il  wns 
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of  1.773  feet  7  inches. 
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lli«  bet nf;  cnrried  out  under  the  itble  i>upeniilendenc«of  Mr.  Jntnf^  | 

Newton,  rcBidant  engineer,  wilh  the  oaljx  drill 

and  the  occa*i"i>«i  ] 

line  of  a  diniuond    cniwii    for  tlie   lower  and   harder  rocks.      IIm^J 
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The  Coal  -  inensiireH  contain  tlie  uhiiiiI  Carbon i1't>rotia  plaittti  — 
tiii]illarin,  Lfpiiloihndron.  and  ferns,  and  the  usual  Sliginaiian  moia 
and  rooltetR,  ami.  tike  those  which  we  eitriick  in  the  boivhole  at 
Hover,  are  prohnhty  horizontal.  The  coal  is  bright  arid  hlaziD^, 
and  hreal<H  itji  into  little  cubes,  hut  slightly  deformed  by  preR^sure 
into  ihe  loswnge-ahaiw.  7n  this  respect  it  agrees  with  the  coats  of 
Dover,  and  like  them  shows  no  sign  of  cruBhing.  The  horiamtaliiy 
of  the  heda  in  both  theiie  cases  may  be  accounled  for  by  the  boreholea 
happening  to  strike  tlie  bottom  of  a  Car  lion  iferons  aynclinal  fold. 

''I'hia  conclusion,  viewed  in  the  light  of  the  coalGelds  of  France  and 
Belgium,  on  the  one  hand,  and  of  Somerset  on  the  other,  is  nioie 
proltahje  than  the  view  that  they  extend  horizontally  over  a  veiy 
large  area. 

it  is  stre)igthene<l  by  the  fact  that  the  rooks,  probably  Devonian, 
Ktriick  at  the  bottom  of  the  Iwreliota  at  Brshouriie,  Boue  few  miles 
to  tlie  west,  are  inclined  at  a  high  angle.  They  here  are  a  portion 
of  an  anticline  which  is  probably  related  to  th«Co8l-meaBureH  above 
tlieni.  as  the  Devonian  axis  of  the  Metidip  Hills  is  related  to  the 
fyncline  of  the  Somerset  Coalfield. 

In  my  opinion  the  Coal.meaaiirea  of  Ropersole  are  a  portion  of 

the  same  series  as  tViose  a.V  \)yN%T-  Wwn,  »fc  M.  Qovm,  tlit»  queslion 
f  seams  oi  ooal  reaolvea  \l6ftU  '^wWt.X^ '«!.■«»».  c^«i«i\i.  '   "  " 
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deeper.  Here  only  two  unimportant  sennriH  have  been  met  with 
in  a  thickness  of  192  feet.  There  twelve  seams  were  penetrated 
in  a  thickness  of  1,064  feet  6  inches,  the  thickest  4-teet  seam  being 
at  the  bottom. 

The  Ropersole  boring  establishes  the  fact  that  the  Dover  coal- 
measures  extend  northwards  for  a  distance  of  eight  miles  and  beyond 
ill  the  direction  of  Canterbury. 

It  remains  now  to  see  how  far  the  range  of  the  South-Eastern 
Coalfield  has  been  proved  by  other  borings.  None  of  the  throe 
others  which  are  now  being  carried  on  by  the  Kt»nt  Coal  Exploration 
Company  at  Ottinge,  Hotlifield,  and  Old  Sour  to  the  north  nf 
Ton  bridge  has  been  carried  deep  enough  to  give  any  evidence.  We 
are,  however,  indebted  to  Mr.  Etheridge  *  for  conclusive  proof  that 
its  south-western  boundary  does  not  extend  as  far  to  the  south-west 
as  Brabourne.  Here  a  fine-grained  grey  argillaceous  sandstone,  in  my 
opinion  Devonian,  was  struck  in  a  boring  at  a  depth  of  1,921  feet 
5  inches  from  the  surface,  the  strata  being  inclined  at  a  high  angle, 
and  being  covered  by  a  red  doloinitic  conglomerate  of  TriasKio 
age,  just  as  similar  rocks  occur  in  the  central  axis  of  the  Meiidip 
Hills.  This  boring  has  verified  the  exact  position  of  the  Pembroke- 
Mendip  anticlinal  fold,  which  I  mapped  in  1894.'  It  range8  in 
a  north-west  and  south-easterly  direction  close  under  the  line  of 
the  Chalk  downs  from  Folkentone  to  Wye,  a  few  miles  to  the  north 
of  the  theoretical  line  of  my  map,  and  forms  the  southern  boundary 
of  the  South-Eastern  Coalfield.  In  Somersetshire  it  emerges  from 
beneath  the  Triassic  and  Jurassic  strata  in  the  Mendip  Hills,  and 
in  Northern  France  along  the  low  hills  sweeping  from  Ilardinghen 
past  Ferques  in  the  direction  of  Cape  Oris  Nez,  where,  as  in  the 
Mendip  range,  it  is  traversed  by  many  faults. 

The  Coal-measures  set  in  in  Kent  at  a  sufficient  distance  to  the 
north-east  of  Brabourne  to  allow  of  the  presence  of  the  Carboniferous 
Limestone  and  Millstone  Grit.  These  probably  dip  at  the  same 
high  angle  as  the  Devonian  below.  Their  south-western  boundary 
can  only  be  accurately  defined  by  further  borings  such  as  that 
which  we  are  now  carrying  on  at  Ottinge,  about  two  and  a  half 
miles  to  the  north-east  of  the  scarp  of  the  Downs,  an<l  six  miles  to 
the  south-west  of  Kopernole.  Their  range  to  the  north  and  the  east 
still  remains  to  be  proved.  Tliey  are,  however,  continued  under 
tlie  Channel,  and  have  been  proved  by  the  boring  at  Calais  in  1850, 
as  well  as  those  carried  out  in  1898  at  Strouannes  near  Wissant. 
In  this  district  they  are  clearly  sliown  by  other  borings  to  be  faulted 
into  the  Devonian  and  other  pre-Coal-measure  rocks. 

The  thickness  and  value  of  this  South- Eastern  Coalfield  can  only 
he  estimated  by  the  exposed  coalfields  of  Northern  France  and 
Belgium  and  of  Somerset.  That  of  Liege  is  7,600  feet  thick  and 
contains  eighty-five  seams,  presenting  an  aggregate  thickness  of 
212  feet  of  workable  coal.     That  of  Mons  is  9,400  feet,  with  110 

*  Brit.  Assoc.  Bristol  Meetinpj,  1898. 

»  "The  Probable  Kange  ot  the  Coal-measures  in  Southern  England*':  Trans. 
Federated  Institution  oi  Mining  Engineers,  vol.  vv,  msi]^. 


)  yieMing  250  feet  of  conl.  In  Siimeraettiliire  tb«  ooalfi*!! 
iH  8,400  Ciwt  thick,  the  seaniH  are  firtjr-five  in  number.  &ti<)  jitJd 
120  feet  or  available  ouhI.  It  ta  uhtioiiii  from  tixene  figures  tbat  iha 
posBibilities  of  tiie  StxilL-KuBlern  Ouilfifid  are  very  great,  oUtough 
:t  atill  remains  to  be  pmveil  huw  fur  the«e  gri^at  IhickueiiHoii  ot  mii 
a  b^n  deriuileil  in  Kent  before  the  depoeilion  of  the  TrUssio  auil 


Jim. 


>cka. 


The  upper  ilenmled  Burfuce  i»f  the  Soulh-Enslern  fielil  was  Blruck 
nt  Knpenolo  at  a  depth  nf  1,180  feet  9  incheii  below  Onlnauoe  daiiiin, 
anA  al  Dover  at  I.IUO  feet  6  inuheti.  If  the  luoks  which  have  U 
be  travoreed  above  O.L),  be  n.iiioil  the  n-siitt!iig  figiirea  of  aboui 
l.li'KI  (mt  neo%MMy  to  sink  (ram  the  Biirfnoti  tire  well  witkiit  tli« 
(Jp|ith  to  which  I'Ofil  ifl  now  bring  worked  nt  n  profit  in  Englaml  ar.d 
ill  Fiutioe  Hiid  Beitfium.  It  is  well  within  the  4,0<l0  feel  limit  laid 
ilnwn  by  the  Coal  CommiHeion  of  187^, 

Tlie  atriila  overlying  the  ooal-meaaureB  at  no[Htr»oIo  and  Dover 

present  ]K>ints  of  great  geological  inlerpst  bearing  on  the  geographi<sl 

cuiiilitionB  under  whioh  they  were  formed,  oa  may  bo  aeeu  from  tlie 

following  table  : — 

Tahlb  op  Coufauativb  Thicixbcsk«  of  NaoocmiAX  akd  JuKissrc  Socks 

AT   DuTKU   tSD    UoraRKlLI. 


Dover. 

NMcnrainti 

PurWk-Waililen 

OfiliHc          

Liusio          

ft.    in. 

»i   a 
1    e3.:a    ( 

ft.   in. 
T2    0 

bo   a 

473    0 

27     9 

Alt  these  rocks  are  thinning  off  to  the  northwards  against  tlia 
CikrboniferouH  and  pre-Carbonirerous  rocka.  which  form  the  'axil 
of  Artois'  of  Godwin- Ansten,  as  he  foresaw  in  1868  that  they  mutt 
thin  off  in  South -Eastern  Englund.  South  and  west  of  the  nieridiiD 
of  Dover  tbey  thicken  very  rapidly,  the  Neooomians  being  244  feet, 
the  Purbeck-Wealden  of  Kent  and  Siibbcx  being  not  much  less  thau 
2.000  feet  thick,  and  the  Jurassic  rocks  of  ooneiderable  thougb 
unknown  thicknexB.  In  the  Nelhei-tield  boring,  near  Battle  in  the 
Hastings  district,  the  Upper  and  Middle  Oolites  are  proved  to  ba 
n.orotlian  1.700  feet  thick. 

The  evidence  of  the  other  boreholes  under  my  supervision  prove* 
that  the  thickeniofr  of  the  Neocomiau.  Purheck-Wealdeu,  and  Uppi-r 
jTirnssic  strata  to  the  south  of  the  downs  between  Folkestone  aud 
Tonbridge  is  very  cousiderable.  It  is  summed  up  in  the  following 
table:  — 


,    Oltinge.   i  HLlbReld.  ,  Old  Suar. 

PeDshont. 

I'arUi'k-WeiJd™ 

PortlHDdinn             

JCnumiTidge  Clay 

246 
US 

- 

ItiO-f 
693 

356  + 
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The  Purbeok-Wealden  beds  also  show  a  oonsiderable  thickening 
to  the  west,  if  the  boring  at  Ottinge  be  compared  with  that  of 
Penshurst,  near  Tonbridge,  where  the  boring  began  low  down  in 
the  Ashdown  Sand,  the  lowest  member  but  one  of  the  group. 

It  remains  for  us  to  sum  up  the  results  of  these  borings,  which 
are  likely  to  effect  the  same  economic  revolution  in  Kent  as  was 
brought  about  in  France  by  the  exteuHion  of  the  coalfield  of 
Valenciennes  and  Mons,  about  ninety-five  miles  to  the  west  of  its 
original  outcrop  at  the  surface,  and  to  within  some  thirty  miles  of 
Calais.  The  coalfield  has  been  proved  at  Dover.  Its  range  for  eight 
miles  to  the  north  has  been  also  proved  at  Kopersole.  Its  southern 
boundary,  as  yet  ill-defined,  is  marked  by  the  Pembroke-Mendip 
anticline,  ranging  under  the  southern  scarp  of  the  chalk  downs. 
Its  range  in  other  directions  is  unknown,  and  awaits  further 
investigation.  To  the  south  of  this  anticline  the  Paleozoic  floor  is 
probably  composed  of  pre-Coal- measure  rocks.  If,  however,  the 
Coal-measures  do  occur,  they  are  buried  under  such  great  thicknesses 
of  superincumbent  rock — largely  sands  and  loams  full  of  water — 
that  it  will  be  difficult  to  work  them.  We  know  now  by  experiment 
not  only  where  to  seek,  but  also  where  it  is  advisable  not  to  seek 
for  the  Coal-measures.  The  difficult  problem  of  the  buried  Coal- 
measures  in  South-Eastern  England,  now  being  worked  out  by 
private  enterprise,  is  likely  to  add  greatly  to  the  resources  of 
this  country,  as  it  has  already  added  to  the  wesdth  of  geological 
knowledge. 

V. — Some  Regent  Work  among  the  Upper  Carboniferous  Rocks 
OF  North  Staffordshire,  and  its  bearing  on  concealed 
Coalfields.^ 

By  Walcot  Gibson,  F.G.S. 
(Commanicated  by  permission  of  the  Director-General  of  the  Geological  Surrey.) 

THERE  is  every  reason  to  believe  that  in  the  near  future  the 
supplies  of  coal  lying  beneath  the  Red  Rocks  of  the  Midland 
counties  will  have  to  be  relied  upon  to  meet  the  increasing  demand. 

Workable  seams  of  coal  have  been  met  with  at  reasonable  depths 
beneath  the  Red  Rocks  surrounding  the  South  Stafifordshire  Coal- 
field, but  there  remain  large  areas  lying  between  the  known  coalfields 
of  Shropshire,  North  Staffordshire,  and  Nottinghamshire,  which 
have  not  at  present  been  explored.  Within  this  region,  as  shown 
on  the  published  maps  of  the  Geological  Survey,  there  are  consider- 
able areas  of  so-called  Permian  rocks,  which  recent  investigations 
have  proved  to  be  conformable  to  the  Upper  Coal-measures  and  to 
contain  a  Coal-measure  flora.  Thus  Mr.  T.  C.  Cantrill  has  shown 
that  in  the  Forest  of  Wyre  the  so-called  Permian  rocks  contain  thin 
coal-seams  and  bands  of  Spirorhis  limestone.^ 

Exceptional  facilities  afforded  by  numerous  marl-  and  brick-pits 
and  other  artificial  and   natural  exposures  in  North  Staffordshire 

*  A  paper  read  before  Section  C  (Geologj-),  British  Association,  Dover  Meeting, 
September,  18»9. 
=*  Quart.  Joum.  Geol.  Soc,  vol.  li  (1896),  p.  62^. 


1..1V6  ennhled  Mr.  C.  B.  WeM  and  mynelF  lo  m«ke  out  the  rollnwing 
ilctimtestratigniphioal  sequence  in  tho  Upper Carbuuil'eruuH  Huck»; — 

(4)  JLeelf  Sitndttone  Sr.riei. — Rud  sanilalonea  nnd  marls.  c«lcsre>)iui 
Ipi-ecoiae,  fossil ifoious  (EntomoHtrBcan)  liiiiesltuius.  Tluckness.  70U 
ftet.  SHinmit  nowhere  seen.      (^  Pertninn  of  older  observers.) 

(3)  ^eiBca»tl«-Knder-Zijme  Sfries.—  Grey  sa  ml  stones,  iimrla,  an^ 
slmles,  with  four  thin  coals.  Two  bamls  of  fossiliferouH  limeslon« 
(Biiloraoatraoanl  foi-m  ihe  base.     Thiokness,  250  to  300  fett. 

(2)  Etrvrii*  Murl  S«nVii.— Red  und  nioUled  maris,  willi  tliin 
1ian<l8  or  ooni'se  greeu  grit  iiear  (ha  summit  au<l  base.  Thickuoai, 
700  to  80ll  fe^l. 

(1)  Blafk  Band  Srr'irn. — Grpy  ntn!  mottled  niarln.  the  grey  marl 
predominnting ;  bnnds  of  iroiiHtone  with  KntoiuoBtmcn,  AulkfacoiKfa, 
Jish-reinuina  ;  oucnsionul  bsudit  of  grit  30  feet  Ihiuk  ;  «eVKr8l  thin 
uohIs  ;  numerous  isones  of  limestone  and  shales  with  EtitotnonlraOR. 
A  band  of  limestone,  connlant  ia  position  (t!6  to  40  feet)  Above  ths 
Bftssey  Mine  irouatoDe,  forms  tha  htuie.     Thickue«H,  about  2uO  feet. 

Variability  io  the  oharooter  of  the  deposits  of  the 
is  imivereal,  eo  that  it  is  hardly  to  be  expected  that  this  ai^Hi 
will  be  recognizable  in  its  entirely  over  the  whole  ^lidlaiid  ar^a; 
but  (here  can  be  no  doubt  (hat  it  is  an  imporlant  poiut  to  &■■■]  out' 
which  of  these  divisions  ocours  at  (he  surtaoe  io  the  areas  at  prvfteRt^ 
reganled  as  Permian  or  as  Upper  Conl-measnres  oti  the  published  maps. 

Alreudy  the  determination  ot  the  KiicMSsive  (liviNioiiH  iibovt-  milpd 
has  had  important  industrial  bearings,  llie  fact  that  the  Newcastle 
limestone  lies  at  the  base  of  grey  measures  intercalated  between  aii 
ni>p6r  group  of  red  strata  (the  Eeele  series)  and  a  lower  gronp  of 
red  strata  (the  Etruria  mails)  has  enabled  ine  to  detect  trun  Upi>er 
Coal-measures  in  Eeele  Park,  Shutlanehead,  and  to  the  west  of 
Leycett.  Moreover,  there  seems  to  be  little  doubt  that  the  Ci>bI- 
nieasures  of  the  Pottery  Coalfield  lie  not  far  from  the  surface  under 
Little  Madeley  and  Craddocks  Moss.  Evidence  has  been  abtaiiie<l 
that  the  strata  on  the  norlh-west  side  of  the  North  StaEFurdshire 
anticline  do  not  uninterruptedly  descend  beneath  red  rocks  (RO-caIle<l 
Permian)  to  the  west  of  Leycett,  but  rise  locally  westward  uiidi-r 
Hayes.  The  effect  of  this  chan};e  of  inclination  is  to  bring-  to  the 
Biirface  strata  which  lie  considerably  below  the  unproiluolive  rw! 
aerien,  and  to  bring  the  principal  coals  and  ironstones  within  reach 
further  west  than  might  have  been  eKpeoted.' 

It  follows  that  a  thorough  and  complete  examination  of  the  exposed 
coalfiel'ls  of  the  Midland  cimnlies  and  of  the  bordering  New  Ki-d 
r'liks  will  be  i>f  the  highest  importance  in  determining  at  what 
de|>th  the  pi*oducfive  measures  lie  beneath  the  great  central  tracts 
ol  ihe  Midh     ' 
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VI. — Note  upon  Pliohthax  or,bcus  (Gaudii.)  from  Samus. 

By  C.  I.  Forsyth  Major,  M.D.,  F.Z.S. 

A  MUTILATED  skull  of  an  Ungulate  from  the  Upper  Miocene 
of  Samoa,  purchased  by  the  Geological  Department  of  the 
British  Museum  in  1894,  was  in  that  year  (before  I  left  Europe) 
identified  by  me  as  a  Lepiodon,  and  under  this  name  it  was  registered 
(M  6,4:19). 

The  types  of  Leptodon  gracus,  Qaudry,  are  two  mandibular  rami 
from  Pikermi,  known  by  the  excellent  description,  accompanied  by 
good  figures,  in  the  **  Animaux  fossiles  et  Geologic  de  TAttique." 

The  generic  identity  of  the  remains  from  Pikermi  and  Samos 
respectively  is  shown  by  (1)  the  general  character  of  the  molar  teeth, 
recalling  the  Palasotheres,  Palo[)lotheres,  etc.,  and  among  rect^nt 
groups,  more  than  all»  the  Procaviidse  (Hy races),  and  (2)  the  special 
character  of  the  last  upper  and  lower  molar.  Moreover,  the  agree- 
ment in  size  entitles  us  to  assign  them  to  the  same  species  : — 

LeDg^h  of  lower  true  molars  (m.  1  — in.  3)  from  Pikermi 96  mm. 

Length  of  upper  true  molars  (m.  1  —  m.  3j  from  Samos     94  mm. 

In  both  specimens,  the  true  molars  increase  in  size  fix)m  before 
backward.  In  the  lower  jaw  from  Pikermi  m.  3  is  provided  wiih 
a  third  lobe  of  unusual  dimensions,  while  the  corresponding  tooth  in 
the  upper  jaw  of  the  Samos  fossil  exhibits  also  a  considerable  pro- 
longation ot  its  posterior  part.  U'his  tooth,  by  its  complication  and 
great  length  as  compared  with  m.  2  (43  :  2o  mm.),  presents  a  characttT 
very  unusual  amongst  Ungulates,  and  for  which  we  find  anaio«;it^H 
only  among  fossil  Ungulatt;s  from  Patagonia,  more  especially  sevoial 
of  the  Proty pother idse,  from  which  last  I  do  not  think  that  Ameghino*s 
Arch83ohyracid8B  need  be  separated.  The  prolongation  of  the  palate 
backward  beyond  the  molar  series  and  the  posterior  position  of  the 
infraorbital  foramen  and  orbit  are  further  points  of  agreement 
between  the  fossil  from  Samos  on  the  one  side  and  the  Patagonian 
Ungulates  on  the  other.  The  teeth  from  Pikermi  and  Samos  are 
rather  brachyodont,  those  of  the  Protypotheridie  highly  hypselodont 
or  rootless;  characters  which,  as  matters  at  present  stand,  rather 
oppose  the  view  of  a  South  American  origin  of  the  Protypotheri-ias. 

A  skull,  also  from  Samos,  in  the  Stuttgart  Museum,  described 
by  Osborn  in  the  Proceedings  of  last  year's  International  Congress 
of  Zoology  under  the  name  of  Pliohyrax  Kruppii,  corresponds  with 
the  London  skull  in  the  elevated  position  of  the  orbit  (which  is 
complete,  as  shown  by  the  latter  fossil),  in  the  extension  of  the  bony 
palate  backward  beyond  the  molars,  and  in  the  structure  of  the 
molars.  The  anterior  part  of  the  skull,  missing  in  the  British 
Museum  specimen,  shows  the  relationship  of  Fliohyrax  with  Hyrnx 
**  in  the  enlarged  pair  of  incisor  teeth,"  which  approach  more  nearly 
in  form  to  those  in  female  skulls  of  the  recent  genus. 

In  a  recent  notice  by  Schlosser  (Zool.  Anz.,  Sept.  18  and  Oct.  2, 
1899),  a  lower  jaw  from  Samos  in  the  Munich  Palfieontological 
Museum  is  described,  and  identified  both  with  the  Leptodon  from 
Pikermi  and  with  the  Stuttgart  fobsU. 


A  (lescription  of  llie  sltull  in  the  British  Muaenm  (N'Btiirnl  Historyi, 
acvunipanied  iiy  Ugiirea,  will  be  publluhed  shortly,  when  1  Bbnll  mora 
Tiilly  diaousa  its  relations  with  llio  fbssilH  described  by  tbo  Freooli, 
Ibe  American,  and  the  Germin  pftltoontologiatB. 

The  Kciierio  name  Leplodoa  tins  to  give  place  to  Pliohyrax,  the 
furmer  being  preocotipimi  by  Siuidevall's  genus  of  Faloouidio  (1835). 


I. — NoTB  ON  THE   SuHFAOK  tiv  THH  MoufiT  SoHHici.  Gkasitk.     Bj 
ProfeBsur  W.  W.  Wattb,  M.A..  F.G.S.' 

IT  h&B  long  been  known  that,  when  tirat  expo(«i)  in  the  quftni^a, 
the  gianile  of  Mount  Sorrel  eshibita  a  Biuiiotbed,  t^oovvd,  snii 
alightly  lerraoed  aapeot.  Aa  the  aurfaoe,  when  fi™t  discovorcd,  wm 
covered  with  boulder-clay,  it  has  been  concluded  that  it  waa  produced 
by  glaointion.  The  writer  baa  long  had  double  with  reganl  to  this 
interprelatiun,  and  recent  excavationa  near  Mount  Sorrel  have  throwa 
a  new  light  on  the  pbenomennn.  At  Uawkley  Wood  and  Nunokle; 
Hill  a  similar  but  smnller  surface  baa  recently  been  espoeed  whioli 
ia  covered  by  undisturbed  Euuper  Marl,  while  a  second  aarface, 
exposed  at  Nunckley  Hill,  haa  boulder-clay  abutting  od  it.  Thu« 
the  grooving,  terracing,  and  amoolliing.  like  so  much  of  the  scenery 
in  Ciiarnwuod  Forest,  was  origiaated  in  Triaasic  limas,  though  locally 
it  may  have  been  somewhat  modified  by  giaoiation.  The  writer 
wishes  to  Ihiink  Mr.  H.  F.  Slartiu  for  calling  bia  attention  to  these 
uewly  expoaed  surfaces. 

II. — NoTB   OH    Bariuu    Sulfhatb    in    thb  Buntbr  Sandstohi  or 

NoBTH  Staffoedshibb.     By  C,  B.  W^nn,  B.A..  F.GS.' 

(Camniunicnted  by  permission  of  tbe  Director -Gt^ a eral  of  the  Geolagiral  Surrej.) 

SPECIAL  attention  has  been  directed  by  Profesaor  F.  Clowes  to 
tbe  deposition  of  barium  aulphate  as  a  cementing  material 
of  Triaeaic  Sandalone  near  Nottingham,  and  he  has  meotioned 
nnmeruua  placea,  on  the  authority  of  Mr.  J.  Lomas,  where  the  same 
mineral  haa  been  observed  in  Triaasic  rooks.' 

It  may  be  interesting  to  record  another  locality.  In  a  cutting  of 
the  Nonh  StnfFordabire  Hallway  (Audley  Branch),  three-quarters  of 
H  mile  aouth  of  Alaager  Koad  (Talke)  Station,  a  section  of  Bunter 
Sandstone  in  Merelake  Hill  shows  tbe  croaa-like  marks  common 
in  the  Keuper  Sandstone  of  Cheshire  and  Slaffurdahire,  and  due  lu 
bmiuro  sulphate  cryalala.  A  partial  analyeis,  made  by  my  friend 
Mr.  U.  Hoinhy,  of  the  Bed  Bunter  Sandstone  of  Merelake  Hill, 
showed  a  conaiderable  quantity  of  barium  sulphate.  Occasional 
veins  filling  jointa  consist  of  bnrytoceleatite,  which  may  also  be 
seen  in  other  sections  of  the  Bunter  of  Merelake  Hill. 

'  Abstract  of  a  psper  read  bsfore  Section  C  (Geology),  British  Association,  DoTer 
Mi'eling.  Seplembur,  1899. 

'  I'ruc.  Roj'.  Soc,  vol.  liiv,  p.  371.  Refireacea  to  preiioua  paper*  ore  ^Ten  in 
this  articlo. 
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III.  —  TfTK  Mrtrokolooical  Conditions  op  North  -  Wkstkrn 
Europe  during  the  Plioobnk  and  Glaoial  Pekiods.^  By 
F.  W.  Harmkr,  F.G.S. 

1^0  satisfactory  explanation  has  yet  been  offered  as  to  the  conditions 
JLI  under  which  originated  the  great  sheets  of  shelly  sand  known 
to  geologists  as  the  Upper  Crrtg,  the  littoral  deposits  of  the  North  St^a 
in  Pliocene  times,  which  contain  everywhere  (over  an  area  in  East 
Anglia  more  than  sixty  miles  in  length)  the  dead  shells  of  molluRca 
io  the  most  extraordinary  profusion.  No  such  accumulations  are 
now  taking  place  on  the  shores  of  Norfolk  and  Suffolk,  although 
luolluBcan  life  is  more  or  less  abundant  in  the  adjoining  seas.  On 
the  coast  of  Holland,  on  the  contrary,  dead  shells  are  exceedingly 
common. 

The  occurrence  of  such  debris  is  local  rather  than  general,  and 
seems  to  \ye  due,  sometimes  to  currents,  but  more  frequently  to 
the  action  of  stormy  winds,  which  agitate  the  sea  bottom  to  a  great(*r 
or  less  depth.  An  examination  of  the  daily  weather  charts  issued 
by  the  Meteorological  Office  shows  that  movement  of  dead  shells 
towards  the  shore  at  any  place  is  for  the  most  part  in  the  direction 
of  the  gales  which  may  be  prevalent.  At  present  the  cyclonic 
disturbances,  to  which  East  Atiglian  storms  are  due,  pass  as  a  rule 
with  their  centres  to  the  north-west  of  that  district ;  and  hen(?e 
south-westerly  and  westerly  gales  are  there  common,  and  shelly 
debris  is  driven  on  to  the  shores  of  Holland,  and  not  on  to  those 
of  the  east  of  England.  It  would  seem,  therefore,  that  during  the 
Pliocene  epoch  strong  winds  from  the  east  must  have  prevailed 
in  the  Crag  area.  At  an  early  stage  of  the  Red  Crag  period,  mollusca 
now  confined  to  the  Arctic  Circle  had  begun  to  establish  themselves 
in  the  Crag  basin,  so  that  the  glaciation  of  Scandinavia,  attended 
with  anticyclonic  conditions  over  that  country,  had  probably  then 
commenced.  At  present,  when  Scandinavia  is  anticyclonic,  storm 
centres  may  be  diverted  from  their  usual  course  towards  the  south, 
as  was  the  case,  for  example,  in  October,  1898,  causing  south- 
easterly and  easterly  gales,  with  rough  sea  on  the  eastern  coasts 
of  England.  It  is  suggested  that  such  conditions  may  have  frequently 
prevailed  there  during  the  Crag  period. 

The  meteorological  conditions  of  the  Northern  Hemisphere  during 
the  Glacial  epoch  must  have  been  widely  different  from  those  of 
our  own  time.  At  present  the  accumulation  of  ice-sheets  in  tlie 
Arctic  regions  is  local  rather  than  general  ;  Greenland,  for  example, 
being  glaciated,  while  the  north  of  Scandinavia  enjoys  a  milder 
climate.  The  latter  is  due,  partly  to  the  Gulf  Stream,  but  partly 
also  to  the  prevalence  of  south-westerly  winds,  caused  by  the 
relative  positions  occupied  by  areas  of  high  and  low  pressure. 
Nansen  states  that  a  constant  area  of  high-pressure  now  exists  over 
Greenland,  and  that  the  winds  blow  outwards  from  that  country 
in  all  directions.  Similar  conditions  probably  obtained  during  the 
Glacial  Period  over  the  great  ice-sheet  of  Northern  Europe,  producing 

*  Read  in  Section  C  (Geology),  Lritidh  Association,  Dover  Meeting,  Sept.  1899. 
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flia  most  ffir-reaoliinp  obanges  on  tiie  climtile  of  iliftarent  pBrU  nf 
tlie  Noi'thnru  Hemisphere;  ainl  tliis  tnny,  tu  sniue  exr^rit,  ex|>lHiD  ttia 
Su^hI  cljHi-aoter  o(  tbo  oocumuUtiuti  of  great  luaascs  of  sinjw  and  iiM 
d  II  Hug  tbat  epoch. 

ift  33  "V I  IE  ^wr  s. 
I.— Tdb  Sdrvkt  Mkmoiii  on  tub  Scottish  Ufl.*sd8.' 

{C<mebHifd/rtm,p.  479.) 

TIIE  volume  opens  with  n  prefpiM  liy  the  Direotor- General  K'^in; 
ill  outlme  the  rnUon  tVitre  pf  the  xvoik,  Ibo  nioile  u(  itn  pivpura- 
lii'ii.  ani]  the  names  of  the  Survey  oflitwnt  coo.-erued  m  workini; 
out  tliu  gfoiogioal  faotH  and  plienonieiifi  duBoiibed.  lit  Clinpler  I 
n  very  sliort  d(-Bori|ilion  is  given  of  the  pliysioal  charftoleriaiicji  of  tlie 
tlpland  legion;  and  thun  in  Chsptpr  II,  a  "HiBlory  of  Previoiii 
HeBearohi-»  among  the  Silurinn  Houka  of  the  South  of  ScotUnd," 
ihe  writers  enter  upon  the  eubjeot- matter  of  thuir  work  in  eamMt. 
In  tills  second  chapter  (he  wlinle  liiRtuiy  of  reEearc:h  in  the  Uplamli 
JH  paNaed  in  review,  from  the  diiya  wlien  Button  and  Hall  laid  here 
(he  foundations  of  slratigiaphienl  and  teotonii'ol  gealo)^,  down  to  ibe 
prMent  time.  The  work  of  all  the  chief  at  rat  igraphioal  inveetigaton— 
Muoia.  Nicol,  BarkneHs,  Sedgwick.  Mnrchisun,  and  other«— is  first 
iiiiticed  in  iiutline.  Thoi-e  are  aljunJftnt  references  to  tlioae  pnlarmi- 
toliigiols  who  have  studied  l)ie  fossils  of  these  rocks— Salter,  McCoy, 
Cniiuthera.  Hopkinson,  Davidson,  Henderson,  Etlieridge,  Nicholson, 
Hiode,  eto.  An  account  is  given  of  the  earlier /anna (I'on a/  mapping 
hy  the  Survey  ofBcers,  and  its  results  aunimarized,  explained,  aii>l 
dihcusKed.  Next  the  work  of  the  zonal  geologists  is  taken  up,  and 
treated  in  some  detail.  And,  finally,  we  have  a  summary  of  lli« 
progress  and  rrsults  of  the  Snrvey  revision  as  carried  out  in  Ihe  yeara 
1888  to  1898;  from  which  it  would  appear  that  well  before  the 
close  of  1888  the  Survey  offit'ers  had  convinced  themselves  of  (he 
accuracy  and  availability  of  the  zonal  melhode,  and  that  since  that 
time  tliey  have  employed  them  cintinuoiisly  and  siiccessfnlly  in 
developing  the  stiatigmpliy  and  tectonics  of  the  whole  of  the  Upland 

It  is  hardly  possible  to  praise  the  tone  of  this  chapter  too  higlily. 
It  is  evident  that  an  attempt  lias  been  made  to  treat  all  contributions 
to  the  literature  of  the  subject  as  historical  documents,  with  perfect 
iinparlialify.  The  main  conclusions  of  all  observers,  official  and 
non-ofiiciiil,  are  given  in  brief,  and  discussed  o|>enly  and  frankly 
in  the  light  of  present  geological  knowledge  and  opinion. 

In  Chapter  III  we  are  presented  with  a  summary  of  tbe  whole 
geological  atoiy  of  the  Uplands,  from  a  at ratigrapl ileal  |>oint  of  view. 
Kach  of  the  great  Upland  formations— A renig,  IJand^iJo,  Caradoc, 
Llandovery,    Turannon,    Wenlock  -  Ludlow,    and    Dowulonian  —  it 

"The  SUurian 
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[le8cril>ed  under  the  headings  of  rocks,  fossils,  and  conditions  of 
deposition. 

For  convenience  of  description  the  tableland  is  divided  into  five 
geo<;raphical  belts,  viz. :  (i)  the  Southern  Belt,  comprising  the 
Wenlock-Ludlow  area,  which  runs  along  the  south-west  flanks  of 
the  Uplands ;  (ii)  the  Central  Belt  or  the  Upland  region  proper, 
wliii:h,  forming  a  continuous  band  some  25  miles  in  width,  sweeps 
through  the  heart  of  the  country  from  St.  Abbs  Head  to  the  Mull 
ot  Galloway,  and  is  floore<l  mainly  by  Llandovery  and  Tarannoii 
nK;ks ;  (iii)  the  Northern  Helt,  which  ranges  from  Dunbar  throu<:h 
the  Leadhills  region  to  the  sea-coaHt  north  of  Portpatrick,  and  is 
fl.»ored  wholly  by  Ordovician  (Lower  Silurian)  strata;  (iv)  the 
(firvan  (and  Ballantrae)  area;  and  (v)  the  area  of  the  iuliers  of 
Lanark  and  the  Pentlands. 

It  is  difficult  to  say  which  of  the  peculiar  phenomena  of  the 
Upland  RucceHHion,  as  now  accepted  after  the  researches  and 
discoveries  of  Messrs.  Peach,  Home,  and  M'Connochie,  is  the  most 
interesting, — the  extraordinary  tenuity  of  some  of  its  rock -formations 
in  some  districts  when  contrasted  with  their  extraordinary  thickness 
in  others;  the  striking  monotony  of  their  lithology  and  fauna  in 
one  area,  as  contrasted  with  the  equally  striking  variety  in  another  ; 
or,  perhaps  most  remarkable  of  all,  the  certainty  with  which  the 
sequence  can  be  unravelled,  in  spite  of  the  excessive  wrinkling  and 
puc'korings  which  the  rocks  have  undergone. 

'I'hree  of  the  massive  Lower  Ordovician  formations  of  Southern 
Britain — the  Upper  Arenig,  Lower  Llandeilo,  and  Upper  Llandeilo, 
inclusive — are  now  known  to  be  collectively  represented  in  the 
Uplands  by  a  thin  sheet  of  Badiolarian  chert,  only  some  70  feet 
in  thickness,  which  shows  through  at  the  surface  in  numberless 
anticlinal  forms  over  an  area  of  some  2,000  square  miles.  Below 
this  chert  sheet  lies  a  basement  formation — the  Ballantrae  volcanic 
series — with  a  few  Middle  Arenig  graptolites  in  its  higher  members  ; 
above  it  follow  shales  with  Upper  Llandeilo  graptolites.  But  the 
chert  sheet  itself  is  as  yet  barren  ot  all  fossils  except  Kadiolaria ; 
so  that  the  rich  graptolite  fauna  of  the  Upper  Arenig -Lower 
Llandeilo  formations  (Llanvirn),  so  remarkable  in  Southern  Britain 
and  Scandinavia  for  its  characteristic  tuning-fork  graptolites 
(^Difiymograptvs  Murchisoni),  is  in  the  Uplands  conspicuous  by  its 
absence. 

Almost  the  same  extraordinarv  condensation  marks  the  succeedinj}: 
Upland  n>ck  groups — the  Glenkiln,  Hartfell,  and  Birkhill  black 
shales  (Mofifat  Series)  —  which  in  the  Moffat  country  answer  to  the 
Upper  Llandeilo,  Caradoc,  and  Llandovery  formations  of  Siluria. 
They  contain,  however,  the  richest  and  most  varied  graptolite  fauna 
known,  and  their  species  group  themselves  in  well-marked,  coii- 
Bccutive,  palaoontological  zones. 

But  as  we  pass  outwards  from  the  typical  Moffat  region  to  the 
north-east,  north,  and  north-west,  grey  shales,  grits,  and  greywackes 
come  in  among  the  black  shales,  thickening  and  modifying  each 
zone  in  turn,  commencing  IVoni  above;  so  UwjlI  €lvvv\\\'^^>«W>x>h^Vi6^4^ 


reaaheil  tlie  dislnnt  Girvnn  region,  all  t)ie  thin-beHil^]  blnuV  vhnU 
xones  of  Motfut  Lnve  i^isupjiearud  iii  siicli,  aii<l  are  uow  repT«(ii'Til»l 
liy  fhick  rook  slx^els  itf  very  varied  lilliologioal  types,  rich  in  mo*l 
oi'  the  oiaBses  of  invertelirnle  life.  But  tlirouglj  nil  tliirae  chnngvi, 
from  erii]  to  enA  of  lUe  Dplfin<]s,  we  find  at  intervals  among  tlw 
aretiooeoiis  depoaita  layers  witli  ch«raote fistic  Moffit  gmplolitex, 
wbicli  enable  ua  to  parallel  with  certainly  all  tbe  oxpnndint; 
diviaioiiB  of  (lie  Moffat  eiicoeasion.  and  trace  them  from  point  to 
point,  and  district  to  dietriot,  through  all  (heir  variations  in  liihologv, 
tliioknesB,  and  pFtlRontolofty. 

The  Hyi<teiiiiitia  pUce  and  geogrnpLtcRl  distribution  of  the  zones  oF 
the  Moffdt  Series,  typiual  and  expanded,  being  tlins  estHblJithed,  lli« 
remainder  of  the  Upland  formations  fall  nnliirally  into  line.  Tlie 
overlying  wide-spreading  sheet  of  greywackea  and  p-ilH  (GaU  ur 
Q'leensborry  Series)  is  shown  both  by  superpoEiiion  nnd  hy 
oliaracti>ristio  graptolites  to  be  the  equtval«-nt  of  (he  Tarannon.  Th« 
Buooeeding  formations  of  Hiocarlun  and  the  Pentland  Hills  answer 
bi}th  by  Byst«matio  position  and  by  fossils  to  the  Wenlrnk  -  Lower 
Liidluw  formation  ;  and  finally,  resting  upon  these  Wenlock-Ludlov 
rocks  in  Lanorkshire  and  Midlothian,  oome  the  Scottish  equivaleali 
of  the  Passage  Beds  (Dowu(oniau)  of  Siluria. 

In  Gliapter  IV  Mr.  Teall  deals  with  the  petrology  of  the  i^eOR« 
roeke  aasooialed  with  the  stratified  deposits  of  the  Uplands.  Few 
of  the  points  worked  out  dnring  the  revision  of  the  Upland  geolocy 
has  exceeded  in  interest  the  establishment  of  tlje  tacts,  that  tlia 
typical  members  of  the  disputed  rock  series  of  Bailaiitrae  are  trua 
ocintemporaneous  lavss  and  tuffs,  and  that  all  the  anquestionahly 
intrusive  masses  associated  with  them  are,  with  the  exception  of 
a  few  Tertiary  dykes,  of  pre-Bala  nge.  Tlie  Ballantrae  lavas  belong 
to  a  great  basement  volonnio  series  of  Arenig  age,  which,  undertyini; 
the  sheet  of  Rjidiolarian  chert,  hiia  now  been  proved  by  the  Survey  to 
actually  show  through  at  the  surrace,  in  numberless  eroded  anticliaes. 
over  a  collective  area  of  some  1,500  square  miles.  The  lavas  are  mainly 
diabases  or  dialmse  porpbyrites.  and  are  characterized  by  a  reniarlcabis 
'pillow  structnre.'  Sir.  Teall  points  out  with  striking  effect  how 
both  the  structure  and  the  composition  of  these  pillow  lavas  resemble 
those  of  the  volciuiic  rocka  similarly  associated  with  Badiolarian 
cherts  in  such  widely  separated  localities  as  California,  Corn  wall. 
and  Saxony,  while  their  aocomp.'ioying  agglomerates  and  tuffs  call  to 
mind  those  of  the  dispute.!  districts  of  Ithnbell  Fawr  and  Predazzo; 
and  fiirlber,  in  almost  all  these  widely  separated  localities,  British  and 
foreign,  these  peculiar  vulcanic  rocks,  both  effusive  and  pyroclastio. 
are  pierced  by  plutonio  or  intrusive  rocks  which  agree  in  certain 
peculiarities  of  composition,  lextnre,  and  structure,  and  in  the 
difficulties  which  they  present  to  the  geologist  who  endeavours  to 
determine  their  relative  order  of  intrusion.  It  is  possible  that,  as 
in  the  parallel  case  of  the  igneous  rocks  with  pillow  structures,  and 
associated  pyroclastio  rooks,  etc.,  of  the  Ordovician  of  Shropshire  and 
Radnor,  we  are  dealing  with  a  distinctly  Buhmoriue  igneous  series, 
probably  extruded  at  great  depths  in  the  sea. 


lieriffrs — The  S'frvet/  Mviiwir  on  the  Scottish  Uplands.       513 

All  the  forejjoiiijii;  cliapteiR  may  1*6  regardnl  as  intioUictorv  to 
the  main  put  pose  of  the  volume,  namely,  the  detailed  descrip  ion 
of  the  geology  of  the  several  diKtricts  that  make  up  the  Upland 
region  as  a  whole,  and  the  8yKteniatio  demonHtration,  stage  hy  Btage, 
of  the  true  succession  of  its  reoognizahle  formations,  and  tlieir 
regional  variationn,  characteristic  organic  remains,  and  tectonic 
development.  This  occupies  the  main  body  of  the  work  from  the 
beginning  of  Chapter  V  to  the  end  of  Chapter  XXIV. 

These  chapters  are  illustrated  by  more  than  a  hundred  sket  *h- 
plans  and  sections,  scattered  through  the  letter-press,  prepared  by 
Mr.  Peach  from  the  field  observations  of  himself  and  Mr.  Home. 
These  figures  exemplify  the  large  aniount  of  detailed  work  demanded 
in  the  zonal  mapping  of  a  country  so  complicated  as  that  of  the 
Southern  Uplands,  and  numerous  as  they  are,  probably  not  one  of 
them  could  have  been 'dispensed  with.  As  a  finished  model  for 
workers  in  the  zonal  methods  of  geology,  we  doubt  whether 
anything  could  excel  the  sketch-plans  of  Kae  Grain  (Craigmichaa 
Scaurs)  (p.  102),  of  Morroch  Bay  (p.  402),  and  of  the  Ballantrae 
Coast  line  (p.  433) ;  or  the  sections  of  Kae  Grain  (p.  104)  and 
Bennane  Coast  (p.  434)  ;  or,  perhaps  most  remarkable  of  all,  the 
sketcli-plan  and  section  of  Lorg  Burn  (p.  359).  These  sketch-plans 
and  sections,  insignificant  as  might  appear  to  the  older  geologists 
to  be  the  extent  of  ground  illustrated  by  each — sometimes  only  a  lew 
thousands  of  square  yards  in  extent — are  not  only  of  vital  con- 
sequence in  the  development  of  detailed  local  successions,  but  they 
present  in  miniature,  again  and  again,  many  of  the  tectonic  phenomena 
characteristic  of  the  region  as  a  whole. 

Where  so  much  has  been  given  in  this  department,  it  is  perhaps 
ungracious  to  expect  more,  but  when  we  look  at  the  sketch-map  of 
the  Ettrickbridge-end  exposure  on  p.  121,  good  as  it  is,  we  must 
confess  to  a  feeling  of  disappointment  It  is  evident  that  this 
miniature  plan  affords  but  a  very  inadequate  idea  of  the  care,  time, 
and  labour  which  must  have  been  expended  by  the  Survey  officers 
on  this  locality.  There  is  no  exposure  in  the  coimtry  to  the  east 
of  the  Moffat  district  so  vital  for  purposes  of  correlation  as  the  one 
at  this  spot ;  and  1  know,  from  personal  experience,  there  is  not  one 
which  is  so  difficult  of  accurate  interpretation  and  representation  in 
detail.  The  Survey  work  here  has  been  done  so  thoroughly  that  it 
is  well  worthy  of  a  double-page  map  and  corresponding  sections. 

These  chapters  upon  the  detailed  g<*ology  commence  with 
a  description  of  the  typical  area  of  the  Moffat  district,  as  affording 
the  natural  key  to  the  complicated  stratigraphy  of  the" Uplands  as 
a  whole.  The  entire  sequence  of  the  zones  of  the  Moffat  Series 
is  redemonstrated  and  the  published  nomenclature  accepted.  But 
with  the  confidence  generated  by  the  successful  testing  and  retesting 
of  the  zonal  methods,  the  officers  of  the  Survey  not  only  simplify 
the  detailed  sections  across  the  typical  exposures,  but  carry  more 
or  less  generalized  sections  boldly  across  country  from  exposure 
to  exposure.  They  illustrate  the  type  localities  of  Dobb's  Linn 
and  Craigmichan  Scaurs  by  several  new  sections,  the  fornipr  by  an 
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im|)rovei]skelt!li-plaii,  snt)  tliey  ilfscrilie  and  illimlmle  irriatim  nit  llia 
iniirti  iiiipoflfinl  pxpusnree  through  (-lit  llie  whole  of  iho  Moffitt  iJiBlricI, 

II  U  evident  that  iLe  KUlhora  take  it  for  grttnted  thnt  llie  rewkf 
IB  itlrtAily  more  or  lews  fnmiHur  witli  ray  jjajjer  on  the  Muffal  Serif^ 
khiI  tiinny  of  the  new  linen  of  wt-tioii  may  W  reK"*^'*^^  "'  an{>|]|^ 
inentnry  to,  or  eorreclive  i>{,  tlioae  givi^ii  in  ihiil  |>apt-r,  Bui  lU 
new  ssctiona  aie  deli|ih[fu]ly  vicar,  tin-  tleaurijitionH  terae  m>] 
cmrlenapil,  anil  our  kni)wli>ilgo  ui  tlic  geology  of  thtt  diatriot  li 
Bilvini'eil  by  Bome  important  disooverieB. 

One  of  tliv  new  dinnoveriea  inndu  here  by  the  Survey  ufficen 
iu  of  eN(ie?ial   iin|inrtance.     Tliey   hnve  ascertained   that   ty|iii»I 
Olt^nkilu  grni'tolitca  renge  up  into  Ihe  two  to  three  leel  of  bintk  and     ' 
grey  Blialex  overlying  the  banil  of  Glenkiln  Radinlarinn  cheris  abnv« 
iho  Canoyrajtfiui  zone,     They  have  therefore  properly  c-loened  tbrai 
slialeB    with    the  Upper   Glt^nkiln,  instead  of  the    Lower    Harlffli     \ 
(f.  Wihoni  zone),  to  whit'h  Ihey  wew  a^bigned  by  myai-ir.     Th'T     ■ 
liave  recognized  this  epeoial  aiibsone  with  ita  uharautprii>liu  fouill     | 
at    Dobb'a    Linn,     Uartrell,   eto.      Tliia  diauovery    enablt^  ua    IS 
oorrelate  with  certainly  a  group  of  xtrala  ohamoterixed  by  almllar 
I'oaeiU  wLich  proved  moat  tantaliKiiig  lo  myself  and  othen  in  tbt 
geology  of  the  Leadhilla  diHtriut  and  flaewhere. 

The  aequenoe  of  thu  Moffnl  graptolile  zonei  having  thue  Wn 
eatohliativd  in  the  typiiia]  a)«a  upon  an  impregnable  basia.  the  «ffie«n 
of  the  Survey  next  aliow  bow  tlie  name  palteonloIogicHl  eiiooMieion 
nblains  ju  all  the  exp<iaureR  of  black  slmles  occurring  in  the  Cenlml 
Bait  of  llie  Qplanda  fr<jm  Ht.  Abhu  Head  to  the  Mull  nf  Uallowaj. 
I'hcy  unravel  liy  means  of  tht^e  graptolile  zones  the  eiitanglril 
aud  cimn-licated  rook- formations  which  octur  in  t\m  inHny  expoauna 
of  black  Khala  in  Ibis  region,  and  place  liefore  the  reader  ia 
most  inslaiices  the  pmola  of  their  conchisionH  in  th«  form  nf 
aketcb'plans,  section)!,  and  liate  of  fossils,  'lliey  demonstrate,  hy 
nieane  of  ihe  evidences  they  bring  forward,  the  identity  of  the 
so-called  Axial  series  wilh  the  Qiieenaberry  group.  They  show  that 
in  some  few  places  where  the  anticlinal  torms  have  been  mostly 
'leeply  eruded,  as  at  Trowdale  Glen,  etc.,  the  entire  Glenkiln  Series 
has  been  cut  through,  exposing  a  well-marked  Radiolariau  chert 
xiine  below  it,  and  thtit  in  two  iuhlances  at  least  even  this  chert  zoiie 
has  been  cut  throngh,  laying  hare  a  basement  series  of  volcanic  rocks 
which  they  parallel  with  the  Arenig  volcaoio  series  of  Ballanlrae. 

While  (he  Itloffat  Seriea  remains  practically  unmodified  when 
foliowdd  from  Vobb's  Linn  along  the  strike  of  the  beds,  every  cone 
retaining  fiiorti  or  less  its  typical  characters  and  ihicknese,  it 
changes  rapidly  when  followed  in  the  direction  of  the  dip— Ihe 
sheet  of  overlying  greywackes  descending  deeper  and  deeper  intii 
the  series  as  we  \Mm  to  the  north,  replacing  each  black  shale  bed 
in  turn,  until  by  the  time  we  have  reached  the  northern  limit  of  the 
Central  Belt,  the  arenaceous  faeies  has  descended  to  the  middle  zone 
Ml  Ihe  clloclive  series— the  whole  ol  the  Birkhill  shales  and  Upper 
Hurtfell  being  there  represenleii  hy  a  grand  thickness  of  greywackes, 
grts,  aonj^lo.iii.'1'utes,  and  ahaies. 
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Everywhere,  as  in  the  Moffat  country,  tbe  massive  areiiaoHOUs 
group  of  the  Gala-Tarannon  succeeds  at  once  to  the  Moffat  Series 
throughout  the  whole  of  the  Central  Belt.  But  it  is  evident  that 
the  assumption  of  the  arenaceous  facies  by  successive  zones  of  the 
Birkhill  diviHion  as  we  pass  from  the  Moffat  country  northward 
renders  it  difficult,  if  not  impossible,  to  fix  in  every  instance  the 
horizon  where  the  Birkhill  strata  end,  and  the  Gala  be<l8  begin. 
This  monotony  of  lithological  facies  is  especially  tantalizing  along 
the  northern  edge  of  the  Central  Belt,  where  the  arenaceous  facies 
has  descended  far  into  the  heart  of  the  Hartfell  itself.  The  northern 
boundary  of  the  Central  Belt  is  presumably  defined  as  the  outcrop 
of  the  line  which  divides  the  local  Hartfell  from  the  local  Birkhill — 
i.e.,  it  is  the  line  of  division  l)etweefi  the  Ordovician  and  Silurian 
of  the  Uplands.  But  the  lithological  transition  between  the  strata 
of  the  two  systems  is  here  almost  as  gradual  as  that  between  the 
Cambrian  and  Ordovician  of  other  countries,  and  the  line  laid  down 
upon  the  map  by  the  officers  of  the  Survey  is  therefore  admittedly 
generalized  and  provisional. 

A  few  observations  may  here  be  made  with  reference  to  the 
names  of  the  graptolite  species  cited  in  the  abundant  fossil  lists 
8cattere<i  through  the  work.  These  lists  may  each  be  regarded  from 
two  aspects,  the  one  stratigraphical  and  the  other  palwontological. 
Regarded  from  the  stratigraphical  aspect  the  lists  subserve  well  the 
purposes  for  which  they  have  been  drawn  up,  namely,  those  of 
correlating  the  beds  which  contain  them  with  the  type  zones  of 
Moffat  and  Girvan.  The  general  association  of  forms  is  usually 
sufficient  for  this  purpose,  and  the  exact  identification  in  Httii  of 
every  species  as  at  present  defined  by  the  graptolitholo^^ist  is  from 
this  point  of  view  a  matter  of  no  great  moment.  But  regarded 
from  the  palteontological  aspect  the  matter  is  very  different.  The 
names  of  many  of  the  forms  given  in  the  lists  must  be  read  as 
provisional  and  suggestive  only,  namely,  as  those  of  species  which 
are  called  to  mind  by  the  form  detected  at  the  locality:  for  example, 
the  forms  united  under  Mouogrnj^iu^  llisintjeri  may  in  reality  belong 
to  several  distinct  species  ;  the  same  is  the  case  with  Af.  tennis^ 
M.  priodtm^  M.  lohiferns,  M.  tnrricnIatnSy  Dimorphograpttis  Swanstonif 
Dicranograptus  ramosus,  and  others. 

Here  perhaps  we  may  also  call  attention  to  a  practice  of  palaeonto- 
logists, admirable  enough  in  its  way,  but  wliioli,  when  carried  out  to 
the  extent  displayed  in  the  present  work,  borders  very  closely  on 
the  ridiculous.  We  refer  to  the  habit  of  appending  the  name  of  the 
founder  of  each  species  in  every  instance  where  that  species  is 
cited.  For  example,  such  titles  as  Diplograptna  folincens  (Murch.), 
Dicranogra ptns  rmnonus  (Ilall),  Monograptns  gregarius  (Lapw.), 
occur  hundreds  of  times  within  the  cover  of  this  volume.  Now 
there  can  be  no  question  that  it  is  advisable  for  the  sake  of 
scientific  accuracy  that  the  reader  should  be  t«>ld  what  special  form 
the  writer  regards  as  the  type  of  the  species  identified  ;  but  having 
appended  the  name  of  the  founder  to  that  of  the  species  once  in 
his  general  table  of  species  and   once  where  it  is   first  mentioned 


ill  tlio  body  of  tlm  wnrk.  the  wriler  lin 
reaBoimlilj  exjieclcd  iil'  liiiii.  Any  lurllier  : 
Sutli  VHiu  rt?ijelition  can  imly  ndA  iiniiewi 
the  prioter'a  bill,  anil  iiicrHU«»,  wliat  ie  hIm 
Boittiitifio  purposes,  the  vanity  of  Ibe  spei ' 


<1«iie   iill    ll.nl   Mil   t« 
leientBii,  iincalW  f. 
»iily  to  the  ninouut  •)( 
ily  amply  Hufficient  fur 


In  their  wovk  among  Ihe  rucks  of  the  Central  Uelt,  Ktreaily  notioc^ 
the  Survey  officers  were  mapping  ground  wliera  (he  typical  aecliuni 
had  already  been  worked  out  and  the  general  eeijnenee  ««oerUin«l> 
The  aim  and  end  of  their  researehes  vtas  that  of  iiilorpretiug  tin 
coiupliuated  etruuture  of  the  wliole  belt  in  terois  of  llie  [isrl.  Hut 
in  their  work  iu  the  Nurtbern  Belt,  which  ranges  from  Unnhat, 
through  the  LeadhilU  to  Loch  Kyan,  lliey  were  dealing  wtlh 
a  country  of  which  littls  was  known  and  less  published.  Ji 
iLat  it  was  already  acknowledged  that  in  this  belt  the  greywaoke 
type  of  eedimeulalion  had  desoended  well  inln  the  heart  nf  tlia 
Oaradoc  (liartfell)  formation,  ao  cliatall  that  remained  of  the  black- 
shale  type  of  the  Mofial  Series  was  a  degenerate  Oleiikiln-Harlfull 
group  of  the  oharactoristio  Moflfat  faoies  and  tenuity,  ranging 
upwards  no  higher  than  Ihe  base  of  the  Upper  Hnrlfell. 
also  known  tbat  this  Moffat -like  hand,  although  rich  is 
graptotites,  is  exceedingly  difficult  of  nnravelmenl,  not  only  uwiiijj 
to  tbe  incoming  of  arenaceous  and  ashy  members  among  the  blaok 
uliales,  but  also  becanne  of  Ibe  uiiuKually  excessive  wrinkling  am) 


id  aiteralioii,  which  Ihe  rocks  of  the  oouiitiy 
of  Ihe 


ickering.  dislocatii 
have  undergone. 

It  is  perhaps  in  this  Northern  Belt  that  the 
Survey  ofliL^eiB  have  iKitn  must  brilliant,  and  tbe  value  of  the  zonal 
melboda  most  triumphantly  demonstrated  by  them,  but  the  great 
difficulty  of  their  task  will  be  appreciated  on  a  study  of  the 
numtiruua  8ketch-mn|is  aui)  seutione  given  in  tbe  chaptera  which 
illuHtrate  their  reseai'chea  into  tbe  rumarkalily  complicated  atruciura 
of  this  region.  Tbey  show  tbat  the  30  feet  or  so  of  Barren 
muilslonea  of  Upper  Hartfell  age  in  Ibe  Moffat  district  have  liera 
become  (ransformed  into  a  massive  series  of  grey  and  blue 
micaceous  flags  and  shales  (Lowther  or  Heriot  Sliales),  with 
conglomerates  and  limestone  liands.  Tbe  Survey  officers  have  proved 
for  tbe  first  time  tbat  to  this  horizon  belong  the  famous  limestone 
beds  of  Wrae  Hill,  which  they  have  ascertained  are  associated  with 
a  reniarkable  contemporaneous  series  of  volcanic  rocks,  felsitio  lavan 
and  tutts,  apparently  representatives  of  tbe  rhyolitio  lavas  and  ashes 
of  Snowdon. 

Tbe  Gleukiln -Lower  Hartfell  Series  presents  marked  and  oflen 
rapid  lithological  variations.  The  Lower  Dartfell  graptolitio  black 
shales  with  flinty  bands  pass  laterally  in  to  grey  wackes  and  calcareous 
conglomerates,  occasionally  ricli  in  fossils  (Duntercleugh  Beds),  and 
often  with  local  unconformitiea  presenting  many  peculiar  feature*. 
Similarly,  the  Glen  kiln  graptolitio  shales  and  cherty  beds  pass 
laterally  into  massive  grits,  grey  wackee,  and  shales  some  1,200  feet 
in  vertical  extent. 

Fruui  underneath  the  Gleiikiln  Beds  rises  again  and  agun  tho 
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sheet  of  Kadtolarian  chert,  which  varies  hut  little  in  thicknesR, 
60  to  70  feet  from  end  to  end  of  the  country.  From  beneath  this 
chert  sheet  emerges  in  its  turn  a  basement  volcanic  series  of 
pillow  lavas,  volcanic  agglomerates  and  tuflfs,  with  some  Arenig 
grapt elites  and  other  fossils  in  their  highest  zone,  and  answering 
to  the  volcanic  series  of  Ballantrae. 

This  Northern  maze  thus  satisfactorily  unravelled,  the  Survey 
officers  enter  next  upon  the  description  of  the  Girvan  district,  which 
is  supposed  to  commence  at  the  great  Glen  App  fault.  They  give 
a  most  interesting  account  of  the  coast  sections  between  Glen  App 
and  Ballantrae,  where  at  the  localities  of  Portandea,  Currarie,  and 
Downan,  they  have  discovered  the  complete  sequence  from  the 
Arenig  (Ballantrae)  volcanic  rocks,  through  Radiolarian  chert  bands 
into  raudstones  and  greywaokes  (Tappin's  group),  with  a  typical 
Glenkiln  fauna. 

Tbe  descriptions  of  these  important  localities  are  illustrated  by 
several  beautiful  photographs  by  Mr.  R.  Lunn,  showing  the  *  pillow  *- 
form  masses  of  lava,  with  their  remarkable  vesicular  structures,  and 
with  beds  of  limestone  and  Hadiolarian  chert  filling  spaces  between 
the  pillow-like  forms. 

The  authors  next  plunge  into  the  Ballantrae  volcanic  and  plutonic 
complex  north  of  Stinchar  Valley.  The  key  section  of  Bennane  Head 
iH  first  described ;  the  relationship  of  its  Arenig  graptolitic  (or 
Tftragraptu$)  bands  to  the  underlying  volcanic  series  and  the  over- 
lying Hadiolarian  chert  bands  isclearly  demonstrated, and  is  illustrated 
by  capital  sketch-maps,  sections,  and  photographs.  From  this  key 
h>cality  the  beds  of  the  complex  are  traced  stage  by  stage  along  the 
whole  Ballantrae  coastline  to  Kennedy's  Pass.  The  authors  show 
how  accurate  were  Professor  Bonney*s  original  conclusions  as  to 
the  volcanic  nature  of  many  of  these  strata,  and  the  similarity  of 
the  associated  intrusives  with  those  of  the  Lizard  district.  They 
establish  in  a  general  way  the  sequence  of  the  entire  succession  of 
tiie  Ballantrae  rocks  both  along  the  shore  and  on  land,  as  at 
Cragneil  and  Craighead,  and  they  cite  several  new  localities  for 
Arenig  graptolites  in  the  series  older  than  the  zone  discovered  by 
myself  at  Beonane  Head.  Finally,  they  prove  conclusively  that 
the  whole  of  this  Ballantrae  complex  (some  of  whose  plutonic 
members  were  erroneously  regarded  by  myself  and  others  to  be  of 
pi»st-Girvan  age),  volcanic  and  plutonic  rocks  alike,  is  of  more 
ancient  date  than  the  basal  beds  of  the  Barr  series,  which  actually 
rest  upon  the  volcanic  platform,  and  contain  abundant  rounded 
pebbles  or  fragments  of  nearly  all  its  known  rock- varieties. 

In  Chapters  XKI  and  XXll  we  have  a  summary  of  the  strati- 
graphy and  palflBontology  of  the  overlying  Girvan  formations.  The 
classification  and  sequence  of  the  various  members  of  the  succession, 
as  worked  out  in  my  Girvan  paper,  are  again  shown  to  be  the  natural 
ones,  and  the  various  graptolite  zones  which  enable  us  to  parallel  the 
bwds  with  the  Moffat  and  Upland  succession  generally  are  carefully 
ch»-cked  and  discussed.  The  Bilclattiliie  beds  are.  h'»wover,  now 
transferred  to  the  base  of  the  Ardmiliau  Series,  and  the  Blair  and 


Straitnn  Beds  are  definilely  Qssigneil  to  H]B  Weiiloflc.  Long  IWi 
of  foABJie  nre  giveti  bitlh  o(  those  coliected  b)'  tlie  Survey  »w\ 
liy  others.  It  ix  plrotiiirit  lo  uote  liow  freely  Ibe  Survey  iiffidem 
li'ive  nvailed  tbeinselveii  nF  tlie  roHhil  HbIh  prepared  for  theiu  bf 
Mrs.  Robert  Gray  from  ber  inugnificent  Oirvan  collectiuii,  nnd  b<'« 
frnnkly  aud  geuerously  tbey  refer  to  the  value  of  her  work.  It 
IB  not  loo  much  to  say  that  this  Gray  Collection  has  proved  mn«t 
iinporlaiit  iu  aiding  in  tbe  working  out  of  the  oomplesiliet  of 
tlie  Qirvan-Ballantrae  district,  nnd  in  correlating  it*  compontnl 
fortuatiouB,  not  only  in  the  hands  of  the  Siirvi^y  officers,  but  in 
those  of  ihoir  predeoessore.  How  etithuHiaalicatly,  and  yot  at 
the  same  time  how  oari-'iilly,  (liat  oollvotiun  was  made.  I  cmi 
upeak  from  personal  kiiowlwlge,  I  li>A  baok  lo  iiimiy  a  deligbifnl 
day  spent  in  tbe  fieU]  in  tbe  uompaoy  of  Mr.  and  Mi-a.  Gray  an<l 
their  lamily,  and  I  noted  the  exlremi-  care  with  wbicli  evi-ry  ffr«li 
i>|ieuimeti  colleoted  was  at  onue  labelled  and  packed  away,  bo  ihst 
there  should  be  do  future  dispute  aa  to  the  exact  spot  and  borixuo 
wbcire  it  WHH  nhlained. 

Chapter  XXIII  is  devoted  to  a  deitoription  of  tbe  Sutithern 
Belt,  wbere  the  Wenlock  -  Ludlow  (Riccarton)  aedimenlH  follow 
oonformably  npon  the  Hawick  Beds  (Tarannon),  and  range  alnii^ 
the  south-east  flanks  of  the  Bonlerland.  It  is  sliown  that  tbe  lowest 
of  tba  reuoguizable  zones  here  met  with  is  that  of  Cyrtograpli'' 
Mntchieoni.  wbioh  Ihe  Survey  oolleoIorR  have  now  traced  at  or  neur 
.he  base  of  Iba  staies,  aliiio^t  from  Jedburgh  to  the  sboves  nl" 
Wigton  Bay. 

Chapters  XXIV  and  XXV,  which  deal  with  the  Lanark ab ire  inliere 
aud  tboBo  of  the  Peniland  Hills,  are  fertile  in  new  alratigraphical  and 
]  II  d  fee  n  to  logical  diacuveriea  and  in  improvements  iu  clanKifioition. 
A  novel  assemblage  of  fiubes  (comprising  live  genera,  four  of 
whioh  and  seven  species  are  new),  detected  in  these  beds  by 
Mr.  M'Connochie  during  the  progress  of  the  revision,  ia  remarkable 
in  many  ways.  According  to  Dr.  Traqnair,  "zoologically  tbe  interwt 
of  tliese  babes  is  extreme,  and  this  fauna  bas  opened  out  to  na  a  new 
vihla  in  the  field  of  Pal»oz<>ic  tclithyotogy."  With  these  fiHbes  are 
associated  represenlatives  of  all  the  genera  of  Eurypteridse  found 
in  the  Ludlow  rocks.  All  Ibeae  fossils  occur  in  a  seHes  of 
r^d  and  yellow  sandslcmes.  red  and  green  mudstimes  and  con- 
glninerates,  siime  2000-3000  feet  in  thickness,  which  graduate 
upwards  conformably  from  the  grey  Wenlock-Linllow  Series 
of  LanarkKbire  and  Penlland  Hills,  but  have  hitherto  been  classed 
"s  the  basal  member  of  the  Old  Red  Sandstone.  But  the  fteouliur 
features  of  these  foHsils.  however,  as  now  ascertained,  ally  this  rock 
group  rather  with  the  Passage  Beds  Btrsta  (Downtonian),  which 
in  Shiopshire  aud  elsewhere  intervene  between  Ihe  Aymeslry 
Limestone  and  tbe  base  of  the  Herefordshire  Old  Red  Sand- 
stone. This  circumstance,  together  with  tbe  fact  that  this  rock 
group  underlies  the  more  typical  members  of  tbe  Scottish  Old 
Red  Sandstone  nnconformnhly,  has  prouipled  the  officers  of  tbe 
Survey  to  regard  the  whole  of  it  oa  of  Downtonian  age,  and  at 
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forming  the  terminal  member  of  the  Suottinh  Silurian.  On  this  view 
fin»t  advocated  by  MesHrs.  Brown  and  Henderson  several  years  itgo, 
many  controversial  difficulties  disappear,  the  viewciof  local  amateurs 
and  the  views  of  the  Survey  are  harmonized,  and  the  Scottish 
Silurian  brought  into  closer  parallelism  with  the  Silurian  of  Southern 
Britain  and  eUewhere. 

In  Chapter  XXVI  Mr.  Teall  furnishes  us  with  a  masterly  summary 
of  his  petrological  researches  into  the  characters  and  constitution 
of  the  Galloway  granites  and  their  associated  rocks,  founded 
mainly  upon  materials  collected  during  this  revision  of  the 
Uplands.  He  shows  that  the  three  granitic  masses  of  Criffel, 
Loch  Dee,  and  the  Cairnsmore  of  Fleet  present  such  resemblances 
and  differences  as  are  best  explained  by  granting  that  they  belong 
to  the  same  petrological  province,  and  in  all  likelihood  were 
derived  from  the  same  magma  basin.  In  average  composition  the 
Criffel  mass  is  the  most  banic — being  a  tonal ite  rather  than  a  true 
granite;  the  Cairnsmore  mass  the  most  acid — a  biotite  granite;  and 
the  Loch  Dee  mass  intermediate  in  character — a  hornblende  granite. 
But  in  each  mass  we  find  rocks  which  are  more  acid  an(l  more 
basic  than  the  average,  extreme  types  being  represented  by 
byperites  and  muscovite-biotite  granites ;  but  between  the  most 
extreme  types  we  have  a  continuous  series  of  intermediate  varieties. 

The  curious  resemblances  which  obtain  between  these  Galiovvav 

• 

rocks  and  similar  petrological  types  of  other  areas  in  Britain  Hud 
abroad,  in  widely  separated  districts,  and  in  rocks  of  different 
geological  age,  are  pointed  out,  and  the  conclusions  are  drawn  that 
plutonic  rocks,  like  minerals,  are  subject  to  paragenesis;  and  that 
in  Galloway,  as  eUewhere,  the  phenomena  are  in  accord  rather 
with  the  differentiation  hypotiiesis  than  with  that  of  assimilation. 

The  petrological  reader  will  follow  with  keen  interest  tlie 
descriptions  of  the  minuter  characters  of  the  rock  masses  and  rock 
varieties — the  veins,  the  dykes,  the  foliated  rocks,  the  aureoles  of 
metamorphism  and  their  characteristic  phenomena — as  given  by 
Mr.  Teall  in  this  and  the  following  chapter,  and  discussed  in 
brief  in  their  relation  to  each  other  and  to  the  unsettled  problems 
of  petrological  science  in  general. 

When  we  recollect  that,  in  addition  to  these  special  chapters,  the 
volume  is  enriched  by  numerous  petrological  descriptions,  scattered 
like  the  sketch-plans  and  sections  through  its  pages,  we  appreciate 
bow  important  a  role  the  science  of  petrology  has  now  begun  to 
play  in  the  development  of  the  geology  of  every  complicated  region. 
This  petrological  work  is  illustrated  by  several  excellent  micro- 
photographs,  but  it  is  to  be  lamented  that  it  is  accompanied  by  so 
few  chemical  analyses. 

The  final  chapter  in  the  volume  deals  with  the  Economic 
products  of  the  Upland  rocks — the  building-stones,  the  granites, 
the  ornamental  stones,  the  workable  ores,  etc.  We  consider  this 
chapter,  more  especially  l)ecause  of  its  brevity,  as  the  least 
satisfactory  in  the  book.  The  economic  geology,  as  such,  is  as  nmoh 
the  province  of  the  geologist,  and  demands  as  respectful  a  treatment, 


na  llie  di'tnileil  strftligrnphy  of  a  connlry.  Not  only  are  rliP  f»cU 
ctmneoted  with  the  formur  B»]>«>intiy  wt-ll  known  to  liie  Surrt^ymsn. 
I>iit  they  Appeal  gieciiliurly  tn  the  liiisinesii  mind  i>r  iiiti  emiiluyer,  lh« 
Dritisher  in  (;enernl.  But  indpeil,  ns  it  lian  been  wi^ll  snid,  not  oi>e 
of  lis,  if  we  are  Boientisls  at  hpttrt.  ciin  nSnrA  to  ignnre  niiy  bnnch 
of  our  Boience,  "  even  though  it  be  conspicuoualy  —  and  even 
fflnriiinly — UHeful." 

At  the  end  of  the  work  we  have  an  Appendix,  contniiiing  several 
oarefiilly  prepared  lAldee  ;  a  general  list  of  the  Uplaod  };rapT>>litea 
oolleoted  by  the  Survey,  showing  the  formations  they  obaraotvrita ; 
a  (reneral  lixt  of  all  the  Upland  fowila  of  other  elasseH  in  ihe  Sni'vey 
colleotions ;  a  list  of  fosBil  species  prepnred  by  Mn*.  Grny  from  li« 
fine  Girvan  oollectjon ;  comparative  Uldes  of  foesila  from  tha 
Siiiialmr  Series,  the  Batclatuhiu  Beds  and  their  eqiiivulenls.  etc.; 
from  tlie  Wenloek- Ludlow  lormationH;  and  finally,  a  complete 
bibliography.  Wo  have  alremly  referred  to  the  many  illii«traliuua 
fwlleoled  logether  at  the  end  of  the  book,  but  the  absence  of  p1ale« 
of  ihe  charaeteristiu  forms  of  the  group  of  the  Riidiohiria,  which  bm 
]iroved  itself  of  suoh  high  ijiiport  in  Ihe  formatinn  of  perlmps  the 
nioHt  retimrkable  of  the  Upland  rock  aheeln,  is  mnch  to  be  regrettp<1. 

We  have  alraedy  pointed  out  how  the  field  observaliona  in  tha 
revision  of  the  Uplands  were  conjointly  the  work  of  MeeBni.  Peach 
and  Home,  assisted  by  Mr.  M'Cimnoohie  as  fossil  oolleotor.  Tlia 
grnptoliles  were  iilenlified  mainly  by  Mr.  IVhcIi.  tbe  variaus  other 
f.iiiKilN  were  clossiBed  and  nrriitiged  by  Iiim.  ami  he  al«o  i)r,-|iared  all 
the  illiislrnlive  diagi-ania,  skotnb -plans,  and  sectidiiB.  The  exnctinK 
taxk  of  arranging  the  materials  and  of  writing  almost  the  whole  of 
tliia  moKt  interesting  volume  has  fallen  to  the  share  of  &Ir.  Home, 
anil  the  Director  Genfral  has  edited  Ihe  whole. 

The  book  is  alive  throughout  with  interest  and  enthusiasm,  and 
it  IB  well  abreaNt,  if  indeed  it  is  not  well  in  advance,  of  anything 
yet  done  in  this  special  department  abroad.  It  is  evident  that  the 
authors  have  spared  themBelvea  neither  lime  nor  Iroublu  to  arrive 
al  correct  reBulta  and  conrluRions.  It  aflfnrda  another  proof,  if  snch 
w«re  needed,  that  zonal  work  is  probably  dealined  to  effrct  in  the 
history  of  geological  resfarcli  a  revulution  as  great  and  an  advance 
as  rapid  as  thoNe  brought  about  by  Ihe  use  of  the  niiornacope  in 
the  history  of  biology.  This  volume  does  not  mark  the  close  of 
geological  inveatigation  in  the  Uplands.  It  marks  rather  iia  true 
beginning.  Ch*s.  Lapwortk. 

IT. SDHMART   of   PROaRESS   OF   THR    G  KO  1.0010 AL  Sl'RVKV    FOB    1(^98. 

8vo;pp.  2JG.     (London:   Eyve  &  Spoltiawoode,  1S98.    Price  is.) 

LAST  year,  in  the  G«olooic*l  Magazinr  for  Julv  and  August 
(pp.  306  and  358),  we  dr^w  niteniion  lo  ilie  first  issue  of  thi« 
"  Summary  of  Progreen."  which  was  prefaceil  by  a  full  history  of 
Ihe   oriiiiu   of  the   Geological   Survey    and    Museum   of    Practical 

Tho  present  "Summary"  gives  a  very  detailed  account  of  Ihe 
observations   made   ia   the   field   and    in    the   jialieoutu logical    and 
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petrographioal  departments  during  the  past  year.  The  record  is  one 
which  indeed  reflects  credit  on  the  small  band  of  enthusiHStic  workers 
which  compose  the  Survey.  Their  reports  have  been  pieced  together 
by  the  Director  General,  who  has  himself  contributed  notes  on  the 
Dalradian  schists  and  Old  Ked  volcHnic  rocks  near  Oban,  on  the 
volcanic  rocks  in  the  Carboniferous  Series  of  Somerset,  and  on  the 
older  rocks  of  Skye  and  Scalpa. 

It  is  hardly  possible  to  do  more  than  glance  generally  at  the 
contents  of  this  detailed  report.  The  subject-matter  is  arranged  in 
stratigrapbical  order,  beginning  with  the  Pre-Cambrian  rocks  of 
Koss-shire  and  continuing  to  the  Peat-bogs  of  Ireland.  Something 
of  interest  will  be  found  for  all  students  and  workers,  in  tiie 
occurrence  of  minerals  and  fossils,  in  the  discussions  on  schists  and 
rock-structures,  in  the  accounts  of  volcaiiio  and  plutonic  rocks,  of 
contact  metamorphism,  faults  and  foldings,  in  the  descriptions  of 
new  railway-cuttings,  well-borings,  and  in  the  analynes  of  dolomites 
and  iron -ore. 

The  accounts  of  the  Pre-Cambrian  rocks  of  Ross-shire  contain 
much  that  is  interesting,  while  on  some  points  further  information 
is  desirable.  Mr.  Peach  divides  the  rocks  into  two  main  groups — 
(I)  the  Lewisian  gneisses  and  (2)  the  Moine  type  of  gneisses  and 
muscovite-biotite-schists.  The  Lewinian  gneiss  is  supposed  to  be  the 
older,  and  is  stated  (p.  7)  to  have  been  **  thrust  forward  among  the 
Moine  schists,'*  but  there  does  not  seem  to  be  any  clear  evidence  of 
this,  for  a  little  further  on  he  says  **  there  seems  to  be  a  definite 
order  in  at  least  the  local  succession.*'  and  the  '*  Moine  schists  always 
lie  next  to  the  older  gneisses,  while  the  centres  of  the  synclines  of 
these  schists  are  occupied  by  the  niuscovite-biotite  gneiss.*'  This  does 
not  give  the  impression  of  a  **  thrust-plane  **  junction,  and,  indeed,  it 
is  practically  stated  only  a  few  lines  further  on  that  the  junction  is 
an  unconformity.  If  this  is  so,  one  would  expect  a  pebbly  base  to  the 
Mofnes,  but  no  mention  of  such  a  base  occurs.  Neither  is  there  any 
information  as  to  the  age  of  the  crystallization  of  the  two  groups  of 
rocks,  whether  they  are  of  the  same  age  or  not.  An  interesting 
series  of  foliated  granites  is  described  on  p  9. 

Mr.  Home,  in  the  Fannich  area,  gives  an  account  of  several  rook- 
groups  that  he  has  been  able  to  map  out,  which  are  a  continuation  of 
those  already  mapped  by  Mr.  Guiin.  Five  of  these  are  mentioned  in 
••  what  appears  to  be  descending  order.*'  The  remarkable  part  <»f 
this  sequence  is  that  No.  1,  or  the  highest,  is  stated  to  '*  resemble 
certain  types  of  Lewisian  gneiss.*'  The  lowest.  No.  6,  is  obviously 
the  same  as  the  lower  member  of  the  Moine  schist  of  Mr.  Peach. 
The  difficulty  with  regard  to  No.  1  is  recognized  by  Mr.  Home,  who 
suggests  two  explanations  of  it,  the  first  of  which  indicates  a  structure 
similar  to  that  of  the  Arcliaaan  gneiss  of  Loch  Maree.  We  may  also 
note  (p.  15)  that  No.  6,  the  most  persistent  type  of  the  Moine 
schists,  was  probably  crystallized  **  prior  to  the  Post-Cambrian 
movements." 

Mr.  T.  I.  Pocock  describes  somewhat  similar  groups,  but  on  p.  17 
the    following    statement    is   made  : — **  The    basic   portions   of  the 


t;mtiitoii1  pitiins  iiEuaHy  Hppear  aa  liornbleiiile-schiHt  ilykeH.  traoeobig 
lor  aliorl  ditiUiices.  uiid  luiiluil  with  Llie  lunJii  iuabs  uC  tliu  I'ouW.  Basl 
mid  vieat  of  tlie  maid  oiilurop  of  fluky  gneiiis.  but  folJed  with  it,  >I» 
)Tia«ses  of  quartzuse  gneiits  lieionging  probably  U)  the  Miiino-acliiKl 
Beries,  but  pUtierl  in  tbis  group  on  a<\!oiiiiC  of  tbe  pres^nue  of  bnm- 
blenile-achist  dykea.  la  msny  pnils  the  rook  in  inrlijal.ingnialiabi* 
I'mm  tbd  typicftl  qunrlzose  Moina-aobiBt.  whilst  in  otbera  tlia 
oociirrenos  ul*  thin  felBpntbio  folia  and  '  ey«a  '  aasocUtaa  it  with  lbs 
Acid  gnoias."  Apparently  tbe  grouping  of  tlieae  mok«  in  inoile  l9 
depend  on  tbe  presenoe  or  abst>noe  of  bornblonde-scbixl  dyke*.  VI* 
wiiuld  like  C<)  know  more  of  these  honiblendvi-scbiHt  dykva.  An 
ihev  of  Ihe  aanie  age  m  tlw  Soouriu  dykes,  or  whut  it  tiit»ir  «ge9 

Under  the  term  ■'  DAlrmiiuii  or  yoiingcir  Nohists  of  ilie  tligblanJs" 
are  inulnded  the  rocks  of  the  Contra!  Uighlauda.  Tbe  be«>tiiig 
Biingesls  that  these  rouka  are  newer  thiin  lluise  lust  described.  We 
sboiUd  like  t»  knuw  tbe  evidence  of  these  being  ''  newer  gneisses," 
liati  any  evidence  on  this  point  been  published?    And  If  ao,  wbere} 

Mr.  Burrow  druwa  nltentiou  to  the  identity  in  strnuture  ami 
appeuruciDe  of  the  rooks  oF  the  Braomar  area  with  tbe  MoiiM 
described  above  by  Mr.  Peach  and  Mr.  Horii6,  and  he  tracen  their 
uonneotion  with  the  qiiartzite  and  limeatuoe  aeries  of  tbe  Centntl 
HigbUnds.  Mr.  Ciinuingham  Craig  also  desoribi:^  a  series  of  rooki 
closely  reeciiihling  the  qimrtznae  phase  of  the  Muine  sobiats  or 
gni-isKes,  and  he  luo  conneols  these  with  the  quartzite  und  Hmentcae    ' 

In  the  notes  on  tbe  "  younger  granites  of  the  Grampiftn  Hilts," 
the  large  masses  of  tlie  Central  GrampianH  and  tbe  smaller  intrusions 
of  niuub  the  same  age,  are  described  in  detail  by  MeHsrs.  Barrow, 
Cunningham  Craig,  and  Hinzman.  Messrs.  Hinxnian  and  Crai); 
give  evidence  showing  tbe  thermo-metamorphisiu  produced  by  these 
granites. 

Leaving  the  Dalradian  sohtsts  we  onme  to  acoounts  of  fossils  from 
the  Cambrian  rocka  of  Skye.  and  to  records  of  foBsiliferons  Silurian 
rooks  in  Ireland.  Another  new  genus  and  species  of  fossil  Ssb  fruin 
the  Upper  Silurian  rocks  of  Lesmahagow,  Ateleatfiix  letseltattt,  is 
named  by  Dr.  Trnquair.  Several  good  specimens  of  a  new  species 
of  JEnnjpleriit  of  the  type  of  E.  sMrpoidts,  Woodw.,  were  collected 
from  the  Downtonian  rocks  ut  Ayrshire  and  Lanarkshire.  In 
Caithness,  Rosa-shire,  and  the  Lorne  much  new  information  wmt 
obtained  regarding  the  Old  Red  Sandstone,  while  the  granites  of 
Ben  Cruachan  and  Glen  Ktive  and  tbe  effects  of  contact  nieta- 
nioriihism  were  attentively  studied  by  Mr.  Eynaatun,  aided  by 
Mr.  Teall.  To  the  latter  we  owe  tbe  discovery  uf  corundum  among 
the  cord ierite- bearing  rooks  of  tbe  contact  zona  round  the  Ben 
Criinchan  granite. 

The  resnrvey  of  the  South  Wales  Coalfield  and  bordering  rocks 
has  been  vigoriiusly  pursued  by  Mr.  Strahan,  Mr.  Tidrieruan,  and 
Mr.  Cantrill,  and  much  new  information  has  been  gathered  with 
re/'erence  to  the  strnctwte  uf  the  Vale  i>f  Neath  and  of  the  superfiuial 
coveriDj^s  of  Glacial  DrilU  la  Qqvuu^u« an&^n^-««^\,U.t.  Qasher, 
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Mr.  J.  B.  Hill,  and  Mr.  S.  B.  Wilkinson  have  been  Imsily  at  work, 
while  in  North  Staffordshire  Mr.  Walcot  Gibson  reports  a  considerable 
extension  of  the  Coal-measures  under  Little  Madeley  and  Craddocks 
Moss.^  He  notes  also  his  disoovery  of  a  new  bed  of  iron-ore  in  the 
Fenton  Park  Clay-pits,  and  an  analysis  of  ihe  rock  is  contributed  by 
Dr.  Pollard. 

Various  members  of  the  staff  furnish  notes  on  Permian,  Trias, 
Jurassic,  and  Cretaceous  rocks,  and  they  give  many  particulars  of  the 
Glacial  drifts.  Mr.  Harker*s  observations  on  the  Tertiary  igneous 
rocks  of  tikye  deal  largely  with  the  very  numerous  basaltic  sills 
which  have  been  intruded  into  the  basaltic  lavas.  These  sills  are 
for  the  most  part  younger  than  any  of  the  great  plutonic  intrusions 
of  basalt  or  grauophyre. 

Id  illustration  of  the  work  done  on  the  Glacial  Drifts  we  may 
refer  to  the  observations  made  by  Mr.  G.  W.  Lamplugh  in  the 
neighbourhood  of  Uttoxeter  in  Nt)rth  Staffordshire.  He  remarks 
that  the  prevalent  Drift  of  the  higher  ground  is  a  red  sandy  loam, 
or,  more  rarely,  clay,  containing  numerous  rounded  quartzite  and 
other  pebbles  derive*)  from  the  Hunter  (which  frequently  show  tlie 
characteristic  pittings).  together  with  an  occasional  partially  rounded 
fragment  of  hard  sandstone  probably  derived  from  the  Carboniferous 
rocks.  The  absence  from  a  great  part  of  the  district  of  stones  larger 
than  one  foot  in  diameter,  and  of  any  showing  clear  proof  of 
glacial  striation,  together  with  the  sandy  character  and  local 
derivation  of  the  material,  seem  to  render  the  term  *  boulder-clay  * 
somewhat  inapplicable  to  this  deposit.  Evidence  was  obtain(>d, 
however,  that  in  spite  of  its  abnormal  composition  and  general 
resemblance  to  *  rain-wash,*  the  material  is  the  local  equivalent 
of  the  true  Boulder-clay  of  contiguous  tracts,  and  has  had  a  sinn'lar 
derivation  from  the  moving  mass  of  land-ice  by  which  the  whole 
country  has  been  covered.  The  clearest  proof  of  this  was  furnislied 
by  the  presence  of  well-glaciated  surfaces  of  Lower  Keuper  Sand- 
stone at  an  elevation  of  700  feet  above  O.D.  (almost  the  highest 
ground  in  the  neighbourhood),  which  were  uncovered  towards  the 
end  of  last  year  in  the  large  quarries  at  Flollington.  These  surfaces 
were  directly  overlain  by  the  usual  pebbly  loam  of  the  district,  of 
rather  unusual  thickness  (from  10  to  25  feet),  and  the  direction 
of  the  striae— W.  20°  N.  to  E.  20°  S. —shows  that  the  movement 
of  the  ice  has  not  been  determined  by  the  shape  of  the  groun<l  in 
the  vicinity  nor  by  the  presence  of  the  elevated  Carboniferous 
Limestone  tract  of  the  Weaver  Flills  a  few  miles  to  the  northward, 
but  has  been  consequent  upon  the  pressure  of  the  great  ice-sheet 
which  was  piled  up  over  the  lower  ground  to  the  westward  and 
north-westward.  As  this  is  the  only  locality  in  the  district  wheie 
there  is  any  rock  sufficiently  coherent  to  exhibit  such  traces  of 
glaciation,  it  is  fortunate  that  the  quarry-sections  should  afford  such 
opportune  exposures. 

Further  evidence  that  the  pebbly  loam  must  be  regarded  as 
a  local  variety  of  the  Boulder-clay  of  the  great  ice-sheet  is  afforded 

*  See  paper  read  by  Mr,  Gibson  ia  Section  C,  Brit.  Xsao^i.  m^\A5i^^\.\iwest, 
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liy  llie  fftol  til  at  on  llie  rising  grontii]  cnnUi  of  Ulloxeter,  npponttf 
to  tin)  greut  bend  in  the  Duvb  Valley,  where  the  river  awerveK  froai| 
u  BdutUerly  to  an  eiutterly  ooiirae,  the  pebbly  loan)  la  auddeulf. 
repUueJ  liy  a  true  till  in  whiuh  large  subaiigular  atriated  biiuldeit 
ol'  Oarboiiirftroua  Liraeatnne,  toadetiine,  atid  other  roukn  are  ahundauL 
'riiia  material  eviilently  intlicateB  the  [latli  tiiken  by  llio  stntani  of 
icu  whiuh  has  deaoended  the  riilley  of  tlie  Dove  ;  and  Mr.  LAmptugh 
lu'^ea  that,  its  local  develop nii>nC  in  relation  to  the  luoro  prevalent 
lypeof  pebbly  drift  tells  otrongly  in  rnviinrof  tbe  land-ioea>ioppo8«4' 
to  the  marine  iheory  of  the  origin  of  these  drifts. 

Lihts  of  memoirs  and  maps  published  and  in  hand  ar«  givf>n  tib 
the  end  of  this  report,  anil  it  is  acoompauied  by  siunll  iiides  (uapt 
nhowiiig  the  slate  of  progress  of  Llie  siirveya  in  different  parts  of  th* 
Uiiiled  Kingdom. 

III.— Thb  IIiaTORi  OF  TBK  Edropban  FiCHA.  By  R.  F.  SoHaaw, 
B  Sc  I'ii.D..  K.Z.3.  8vo  ;  pp.  i-viit,  364,  with  21  illualratioix. 
(London  :  Walter  Scott,  1899.  Price  6«.) 
'pHE  present  volume  in  the  outcome  of  a  memoir  read  by  th*. 
X  author  before  the  Koyal  IriHli  Aoadeiny,  and  originally  pulifiafa«d 
in  Ibeir  Prooowlinga  lui-  i«97.  Uf  this  ci)nimnnicati..ii  we  gara 
a  leiigtheiied  nolioe  in  tlie  Gkological  TA\oizi}it„  1EI97,  Dec  1V| 
Vol.  IV.  pp.  420,  468. 

Dr.  Siiharff  is  n  naturalist  in  the  true  senne  of  the  word,  ami 
giitliers  hh  illiislrnliiins  urgeugraphicnl  ditttribiilion  fruni  plants  and 
iimaalit,  uiualuotta  anil  iiiitlliiKua,  as  wsJJ  as  frum  ItirJa  aui)  luAiiiiiials. 

Kor  are  the  facts  and  nbservationB  rumiahed  by  the  geologist  l>earing 
upon  the  interesting  problems  of  which  he  treats  neglected  by  the 
author.  In  his  Prefai^e  be  saya:  "Our  knowledge  of  the  present 
and  past  fauna  of  Europe  ia  ae  yet  insuffiuient  to  indicate  with 
preciiiian  the  original  hoiiiea  of  its  component  elenienta.  but  I  hope 
that  the  lines  of  i-eaearcb  laid  down  hwe,  and  the  method  of  treat- 
ment adopted,  will  aid  zoologiata  and  geologists  in  collecting 
materials  for  a  more  comptebensive  study  of  the  biaiory  of  our 
aninmls.  I  trust  alxo  that  a  fresh  impulse  will  be  given  by  the 
publication  of  this  book  to  the  study  of  the  geographical  dii>tribution 
of  species.  Colleclors  of  beetlea.  butlerflies,  sheila,  and  fossils  may 
derive  some  useful  hints  by  its  j>enisal,  and  thus  direct  their  atiidi^B 
so  as  lo  add,  by  accuracy  in  observation,  (o  our  knowledge  of  the 
former  geographical  revolutiona  which  have  moulded  our  islands 
anil  continents.  To  geographers,  a  survey  of  eome  of  the  more 
important  (shangea  in  the  diatribution  of  land  and  water  in  past 
times,  baai^d  upon  the  composition  of  onr  I'auua,  will  be  interesting. 
The  subject,  however,  is  a  complex  one.  1  have  ventured  to 
indicate  a  suitable  method  of  treatment,  and  as  such  ibis  attempt 
to  elucidate  the  history  of  the  European  fauna  ahoulJ  be  received." 
(p.  V.) 

'*  Every  student  of  natuia!  history,"  writes  Dr.  Scbarff  (p.  1), 
"  whether  he  lie  inter<-Kleil  in  birdK,  bullerflies.  or  t-bella.  conttibulea 
bis  share  of  facte  which  help  tu  ahow  how  the  fauna  of  bis  country 
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has  ori;^in;itt'<l.  Tlie  capture  of  a  swallow-tail  or  of  a  marbled  white 
butterfly  in  England  at  once  furniHlies  material  for  reflection  as  to 
the  reanon  of  its  absence  from  Scotland  and  Ireland.  Why  should 
the  nightingale  allow  its  beautiful  song  to  be  heard  in  Ent^Iand, 
and  never  stray  across  the  Channel  to  the  sister  isle  or  cross  the 
borders  of  North  Britain?  Lovers  of  bird-life  and  sportsmen,  who 
have  observed  the  habits  of  the  ptarmigan  in  the  wild  mountain 
recesses  of  Scotland,  are  aware  that  nowhere  else  in  the  British 
Islands  do  we  meet  with  this  interesting  member  of  the  grouse 
family,  and  many  no  doubt  have  allowed  their  minds  to  dwell  upon 
the  causes  of  its  singularly  local  distribution. 

''All  these  animals  have  a  wide  range  in  other  parts  of  the  world. 
In  past  times,  before  man  began  to  make  observations  on  the 
geographical  distribution  of  birds  and  butterflies,  or  even  before 
the  appearance  of  man  in  Northern  Europe,  they  may  have  lived 
all  over  the  British  Islands.  For  some  reas(m  or  other  they  are 
perhaps  dying  out  or  withdrawing  towards  their  original  home, 
vrhich  may  either  be  northward  or  to  the  east  or  south.  If  we  had 
some  clue  as  to  their  former  history  from  fossil  evidence— or,  in 
other  words,  if  their  remains  had  been  preserved  to  us  in  geological 
deposits — we  should  have  less  difficulty  in  deciding  this  problem. 
But  butterflies  are  scarcely  ever  preserved  in  a  fossil  state,  and  birds 
very  rarely.  We  know  little  or  nothing,  therefore,  of  their  past 
history  from  direct  evidence,  and  are  obliged  to  trust  to  indirect 
methods  of  research,  which  will  be  indicated  later  on. 

*•  Mammals  and  snails  tell  their  story  more  plainly.  The  bones  of 
the  former  and  the  shells  of  snails  are  easily  preserved,  and  thus 
furnish  us  with  the  necessary  data  as  to  their  past  histor}',  for  we 
find  them  abundantly  in  most  of  the  recent  geological  deposits. 
Among  the  mammals  of  the  British  Islands  there  are  some  instances 
of  distnbution  which  much  resemble  those  I  have  quoted.  Thus 
the  Arctic  Hare  {Lepiis  variabilis)  is  in  the  British  Islands  confined 
to  Ireland  and  to  the  mountains  of  Scotland  ;  and  if  it  were  not  tor 
the  fact  that  its  bones  have  V)een  discovered  in  a  cave  in  the  south- 
west of  England,  we  should  perhaps  never  have  known  that, 
formerly,  it  must  have  inhabited  that  country  as  well.  Of  other 
mammals  we  possess  fossil  and  also  historic-d  evidence  of  their 
having  once  lived  in  these  Islands,  such  as  the  wolf  and  the  wihl 
l)oar,  both  of  which  were  abundant  in  Great  Britain  and  Irelainl. 
The  latter  is  a  distinctly  southern  species.  We  assume  this  because 
its  remains  have  never  been  found  in  high  northern  latitudes  ;  nor 
does  it  now  occur  in  Northern  Europe  or  Northern  Asia,  whilst  all 
its  nearest  relatives  live  in  sub-tropical  or  tropical  climates.  The 
Arctic  Hare,  on  the  contrary,  has  probably  come  to  us  from  the 
north.  Its  remains  are  unknown  even  in  Southern  p]urope,  and 
the  more  we  approach  the  Arctic  regions  the  more  abundant  it 
becomes.  Thus  wo  have  here  two  instances  of  British  mammals, 
one  of  which,  the  wild  boar,  has  died  out,  as  it  were,  in  a  southerly 
direction ;  whilst  the  other,  the  Arctic  Hare,  is  apparently  retreating 
towards  the  north. 


rilish  iDaminalfi  of  wtiicti  we  Iiavo  no  ft 
liislorj',   at  leant  of  wliicli    no  rfmains  liave   ah  yet   b"eii 
tl>t-i>e  iKlnmls.     Sudi  ft  one  i»  the  harvest- moiifie  {3fut  miuntut}. 
Iins  u  sDiiirwhHt  reatrivted  rango  in  Eiiglmii),  anj  only  jiiHt  croM«a4 
thf  SmilliNh  hiirder  in  ihe  east.     From  the  ri-Kt  n[  Saitlnii.l  aiiil  frou  I 
the  whiile  of  Ireland  it  U  abai<>itt.     'l'ojii'l);e  from  this  iliBtribuliun. 
in  cnnneoiion  witli  the  fivct  of  ila  l«in);  unknown  as  it  BritiBb  (imrjI 
epfci^e,  it  is  probably  a  Into  iniini);rant  tii  F.iitjinnd.  aiiH  ha*  not  liwl 
time  to  spreitil,  throit-jh  Scotland  iit  any  rnUt.     But  it  is  also  absent 
from    Svundinavia,  from   iha  S|>AMiBL    ['entiiFiitn,   frmn   Hlmost  th«  , 
whole  of  linly  and  tlie  Alps,  as  also  from  the  MeilitfiHitinfian  iilsndi, 
whilat  the  little  moife  ootmrs  abundanily  right  acroM>  Siberin.     Ws 
Hbiill   Ifnm  Tnor«  alniiit  coiilreB  of  diKperaion  later  o[i ;  lueanwhil* 
I  hIlouIiI  mention  that  Buoh  a  diNlriliuiloii  indicale*  (hat  the  hnrvoxi. 
nioiiHe  has  moHt  likely  originnled  in  the  east,  and  has  8{>rea>i  Irom 
Ihcrr  wrBtwavd  in  rewnt  gwitogicnl  tiinen. 

"  Conch ologis la  Lave  long  ago  been  noqnainted  with  llie  fact  lluil 
many  molluaus,  fur  example  the  an-onlled  'fitone-ciitter'  Snuil  {Helit 
Infieida)  and  ifae  '  Clieene  Snail'  {lUlix  ohvoluta),  IiKve  *  veij 
reMtriolcd  mnt;e  in  the  BriliHb  lalonda.  Botb  are  enliraly  ahai-nl 
trom  gcnlland  and  Ireland,  the  Cheese  Snail  being  cniifim 
Scnilh-ISaalem  EiiKland.  The  tirnne-culter  hna  ralher  a  wider  ranges 
in  even  known  from  a  Welah  iouality,  and  ia  met  wilh  ks  far  nartli 
aa  Yurkabire.  1'lieir  diMrihiilion  would  indicnte,  therefore,  that 
while  bfifh  are  recent  immiKiniils  the  Clieese  Snail  is  probably  llie 
last  oomer.  This  auppoHition  is  in  8o  fur  Biijiporied  by  lossil 
evidence,  as  the  latter  ia  unknown  in  a  fofisil  alate,  whilst  the 
Ktone-cntter  has  been  descrihed  by  Messrs.  Kennnrd  &  Woodward 
as  oc(-i>rring  in  the  cave  deposil  known  as  Igblbam-fixsure.  and  aIko 
fniin  Beveral  English  Pleistocene  and  Holocene  deposits.  The  Stone- 
cuder  can  Bcwrcely  be  looked  upon  aa  a  very  recent  imniigranl  in 
Ibe  light  of  this  evidence,  though  we  have  no  proof  of  its  bavinj; 
ever  liad  a  much  wider  range  in  the  Brilixb  Iflanda  than  it  has  to-day. 

"  Among  the  lichens,  which  ko  abundantly  cover  Ihe  rocka  and  treps 
in  South- VVfsteni  Ireland,  and  which  impart  anch  a  characteristic 
featnre  to  the  scenery,  we  find  a  lienutifully  spotted  alug  (Oeomoealaii 
tiineulosiiii).  It  is  a  stranger  to  the  rest  of  the  Dritish  Islands,  and, 
indeed,  occms  nowhere  else  in  N<Mlhern  Europe.  We  have  to  travel 
as  far  iih  Northern  Portngal  before  we  again  meet  with  it ;  it  is  there 
also  that  its  nearest  relations  live. 

"Many  more  similar  examplea  might  be  quoted,  but  enough. 
I  think,  has  heen  said  to  show  that  the  British  fauna  is  made  np 
of  several  elements  whose  original  homes  may  be  widely  apart  and 
in  difTerent  directions.  We  have  fossil  evidence  tliat  some  of  Ihe 
Niiilbern  species,  and  bIro  a  few  of  the  southern  nnes.  have  become 
exlinct  within  compuratively  recent  times,  others  are  ap)>arently 
on  (he  verge  of  extinction,  whiUt  many  not  only  maintain  their 
position  in  the  constant  strnggle  for  existence,  but  are  even  extending 
thHrynnge."      (p.  5.) 

We  are  glat]  iliat  Dt.  SchaiS'  \ws  given  us  bis  views  on  lh«  history 
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of  the  European  faana  in  the  form  of  a  little  hook,  as  it  was  not 
BO  easy  for  the  student  to  obtain  accesB  to  the  original  paper  in  the 
Royal  Irish  Academy's  Prooeoiiings.  The  iUustrations  add  greatly 
to  the  interest  of  the  volume,  but  they  might  well  have  been  more 
numerous.  We  are  sure  it  is  a  book  which  will  have  many  readers 
and  some  few  critics.  We  have  already  made  some  criticisms  on 
the  original  paper,^  and  will  now  only  commend  it  to  our  readers 
iu  its  present  form  as  a  most  attractive  little  volume  on  a  most 
fascinating  subject  by  a  very  able  and  clever  Naturalist. 

coDEeri^E3:poisrx)E;25rcE. 

THE  LIMESTONE  KNOLLS   OF  THE  CRAVEN  DISTRICT. 

Sir, — In  a  recent  suggestive  paper  on  the  Limestone  Knolls  of 
the  Craven  District  (Q.J.  G.S.,  vol.  Iv,  1899,  pp.  327-368), 
Mr.  Marr's  criticisms  of  my  views  on  the  Keisley  Limestone  appear 
to  demand  some  reply,  as  unfortunately  I  was  not  present  when  his 
pa|)er  was  read.  I  do  not  intend  to  examine  the  plausibility  of 
Mr.  Marr's  views  of  the  origin  of  the  Craven  knolls,  with  which 
I  have  onl}'  a  slight  acquaintance  in  the  field,  though,  as  I  have  paid 
8ome  attention  to  their  fossils,  I  may  remark  in  passing  that  he  does 
not  bring  forward  the  least  palaeontological  evidence  in  support  of 
liis  conclusitms.  It  is  the  neglect  or  lack  of  appreciation  of  the 
jmlaeontological  evidence  furnished  by  the  Keisley  Limestone  by 
which  he  escapes  the  difficulties  in  which  he  would  otherwise  be 
there  involved.  For  it  is  not  here  a  case,  as  Mr.  Marr  appears  to 
think  (op.  cit.,  p.  356),  of  the  relative  abundance  of  fossils,  but  of 
an  assemblage  of  fossils  with  a  facies  entirely  distinct  from  that  of 
the  neighbouring  strata.  When  Mr.  Marr  can  prove  that  the  fauna 
of  the  thin  white  limestone  which  apparently  represents  strati- 
graphically  the  Keisley  Limestone  is  identical  with  the  fauna  of  the 
latter,  his  conclusions  will  rest  on  a  firmer  basis.  Moreover,  iu 
order  to  demonstrate  that  the  theory  of  discontinuous  distribution 
is  untenable,  Mr.  Marr  must  be  able  to  prove  the  general 
distribution  of  the  peculiar  Keisley  Limestone  fauna  over  tlie 
intervening  areas  ;  otherwise  he  must  acknowledge  that  some 
special  locjil  biological  or  physical  conditions  contributed  to  the 
congregation  of  this  fauna  in  isolated  colonies.  Modern  instances 
of  discontinuous  distribution  with  stations  of  limited  superficial 
area  admittedly  ©O'er  problems  hard  to  solve,  but  we  cannot  shut 
our  eyes  to  their  existence ;  and  there  is  no  a  priori  reason  why 
similar  instances  should  not  be  discovered  in  the  records  of  thn 
past,  though  naturally  the  difficulties  of  fully  explaining  them  would 
be  increased  in  dealing  with  extinct  species. 

It  is  needless  here  to  recapitulate  my  reasons  for  drawing  my 
conclusions  as  to  the  nature  of  the  Keisley  Limestone  fauna;  sonjo 
of  the  less  important  ones  are  quoted  and  discussed  by  Mr.  Marr, 
but  the  more  important  detailed  palasontolngical  evidence  which 
he  omits  can    be  studied   in    my  papers    (Q.J.G.S.,  vol.  Hi,   189G, 

>  Seo  Geol.  Mao  ,  1897,  pp.  420  and  468. 
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pp.  407-437,  and  vol.  liii,  1897.  pp.  67-100),  When  Mr.  ^l.iir 
sees  fit  to  pt'Oiiiice  Katisfactory  pHltt)oijtoIo>i;ical  proofs  in  support  of 
his  views  as  to  the  Keisley  Limestone  I  shall  be  quite  prepared  to 
modify  mine,  but  until  then  I  see  no  ri^ason  that  certain  features 
of  physical  structure  capable  of  other  explanations  should  be 
considered  sufficient  to  nullify  the  evidence  of  the  organic  reuiaiiiH; 
and  accordingly  I  maintain  that  the  Keisley  Limestone  cannot  l)« 
brought  forward  as  an  illustraticm  of  Mr.  Marr's  theory  of  the 
formation  of  knoll-reefs,  whatever  may  be  the  value  of  that  theory 
in  other  areas.  F.  R.  C.  Reed. 

October  10,  1899. 


GEORGE  DOWKER,   F.G.S. 

Born  April  2,  1828.  Died  September  22,  1899. 

This  well-known  Kentish  Geologist,  Botanist,  and  Archaeologist, 
jmssed  away  at  Ramsgate  on  the  very  day  of  his  return  from  the 
Meeting  of  the  British  Association.  He  was  born  on  April  2,  1828, 
at  Stourmouth  House,  Stourmouth,  tlie  home  of  his  father,  Jaoien 
Dowker,  and  was  educated  at  Sandwich  Grammar  School ;  lie 
afterwards  studied  farming  at  Hoddesdon  Agricultural  College,  and 
at  the  age  of  30  farmed  his  own  estates.  It  is  probable  that  an 
early  love  for  botany  was  due  to  his  8chool master,  the  Rev.  J. 
Jjayton,  and  it  is  certain  that  a  warm  friendiship  with  William 
AVIiitaker  tinnc*!  Ins  attention  seriously  to  geolotj^y.  He  was 
a  i^ood  anti([uary  and  cnutril)iite<l  lunnerons  papers  to  Archuohujia 
C(tiiti(ui(i,  cliiffly  <lealin<^  witli  Kicliboroii^li,  Kt^ciilvers,  Win*;liani. 
and  Preston  Konian  remains,  and  with  tlie  Antrlo-Saxon  ceniet' rv 
at  \Vi{'klian»l)reanx.  His  hotaTiical  rcsearclios  are  mainly  contaiTi*-! 
in  *'  Tlie  Flora  of  Kent,"  edited  by  Ilanbury  Sz  i\larsliall,  and  lii> 
o(M)lo^y  found  ('Xj>n'ssion  in  the  following  |)a|)ers  :  ''On  Tertiary 
Strata  at  lUUrshonrne,"  ''Water  Sui)i)ly  of  p]ast  Kent,"  ''On  the 
.Jun(«ti()n  of  the  Tcrtiarios  and  the  Clialk,"  "Chalk  of  Tlianer," 
'•  On  the  Mouth  of  the  Kiver  Stour." 

Dowker  was  a  ^ood  nii(M"oscopist  and  was  well  acquainted  with 
the  pond  lite  of"  his  distri(;t.  He  was  President  of  the  IMari^aie 
]\Iicroso()|)ieal  Club,  a  prominent  nieniluM' of  the  East  Kent  N.ttura! 
History  Society,  and  was  its  President  for  several  y^ars.  He  pai'I 
S[>e(ual  attention  to  (joast  erosion,  and  contrihuted  a  paper  on  the 
sul'jeet  to  the  last  nieetitii]^  of  the  Piitish  Association,  while  one  on 
l)unLr<Micss  fnruKM]  the  subject  of  a  recent  lecture  to  the  (ieoh)irist>' 
Asso'-iation  of  Tj(Mi(]on,  Dowker  was  a  ^ood  dran«;bt8man  ;  his 
tossils  touu'l  a  home  souit^  years  n^o  in  the  Maidstone  Museum, 
but  he  leav«'s  a  valuahle  local  lierbaiium.  He  was  a  F.G.S.  f.>i' 
thirtv-fiVH  years,  ami  a  member  of  tli<»  Dover  Anti(iuarian  Society. 
He  leaves  a  ^vi(low  and  nine  eliildren  to  mourn  his  personal  loss  ; 
but  his  death  depiives  H'hanet,  and  indee<l  Kent,  of  an  eiiero^etio 
and  devoted  servant  of  science,  of  a  type  only  too  rare  in  bis  district. 


THE 

GEOLOGICAL   MAGAZINE, 

NEW    SERIES.      DECADE    IV.      VOL.    VI. 


Vo.  XII.— DECEMBEB,  1899. 


I.  —  A    NOTK    ON    THK    GkOLOQY    OF    SOOOTRA    AND    AbD-EL-EuRI. 
By  J.  W.  GuBOORT,  D.Sc.,  F.G.S.,  of  the  British  Museum  (Xutural  Histon). 

rilHE  first  aooount  of  the  geology  of  Socotra  we  owe  to  Lieutenant 
L  J*  H.  Wellsted,^  who  compiled  the  Admiralty  chart  and  map, 
and  in  1835  described  the  island  in  a  detailed  memoir,  in  which  he 
showed  that  it  consists  of  a  mass  of  granite  capped  by  limestones. 
Nothing  material  was  added  to  this  description  until  188^,  when 
Professor  Bonney  published  his  account'  of  the  extensive  rock 
collection  made  by  rrofessor  J.  B.  Balfour  during  a  six  weeks'  visit 
to  the  island  in  February  and  March,  1879.  Professor  Bonney*s 
study  of  the  rock  specimens  enables  him  to  prove  that  Socotra 
consists  of  a  block  of  Archean  rooks  covered  in  places  by  massive 
limestones,  which,  on  the  evidence  of  their  foraminifera,  Professor 
T.  R.  Jones  suggested  were  probably  of  Miocene  age.  It  was 
further  shown  that  both  the  Archean  series  and  the  Cainozoic  lime- 
stones are  cut  through  by  dykes  of  trachyte  and  basalt,  associated 
with  a  series  of  rhyolitic  lavas.  Professor  Balfour's  expedition  not 
only  proved  that  the  foundations  of  Socotra  are  built  of  old  materials, 
but  that  the  island  is  of  considerable  antiquity,  as  is  indicated  by  its 
rich  endemic  flora.^ 

In  1880  Socotra  was  visited  by  Emil  Biebeck,  who  collected  some 
rock  specimens  containing  the  mineral  which  was  described  in  1888 
by  Sauer  under  the  name  of  Riebeckite.^  Further  details  regarding 
the  Archean  and  volcanic  rocks  were  given  in  the  same  year  in 
a  paper  by  Miss  Raisin.^ 

^  J.  B.  Wellsted,  **  Memoir  on  the  Island  of  Socotra":  Joum.  Roy. Geogr.  Soe., 
vol.  T  (1835),  pp.  129-229,  and  map. 

•  T.  G.  Bonney,  "  On  a  Collection  of  Rock  Specimens  from  the  Island  of  Socotra": 
Phil.  Trans.,  vo'l.  174  (1883),  pp.  273-294,  pin.  vi  and  vii.  Some  preliminary 
remarks  on  the  |?e<)log)'  of  the  island  were  included  in  Professor  Balfour*8  report, 
*•  On  the  Island  of  Socotra  "  :  Rep.  Brit.  Assoc.,  1881,  p.  480. 

*  According  to  Balfour  ('*  Botany  of  Socotra'* :  Trans.  Roy.  Soc.  Edinb.,  vol.  xxxi, 
1888,  p.  Ixxv)  the  island  has  been  a  land  area  since  the  Permo-Carboniferous,  and 
*'  an  island  certainly  from  Tertiary  times." 

*  Saner,  **  Ueber  Riebeckit,  ein  neues  Glicd  der  Homblendegruppe  '* :  Zeit.  deut. 
geol.  Gee.,  vol.  xl  (1888),  pp.  138-146. 

•  C.  A.  Raisin,  **  Rock  Specimens  from  Socotra  "  :  Geol.  Mao.,  Dec.  Ill,  Vol.  V 
(1888),  pp.  604-7. 
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Daring  last  winter  Socotra  and  t.be  iieigbbouriog  islanci  of  Atx)-et- 
Kuri  were  \\tX\oA  by  Dr.  H.  0.  Forbes  and  Mr.  Ogilvi©  Grant,  wbo 
made  a  collection  of  rocks,  upon  whidi  I  iiavs  been  aeked  to  report. 
Dr.  Forbes  haa  given  ms  an  sccount  of  the  mode  of  occurrence  and 
dialributioa  of  the  principal  rocks.  At  about  tbo  sanie  time  botli 
islands  were  visited  by  tbe  Austrian  South  Arabian  Expedition  in 
the  "  Oottt'ried,"  and  a  note  on  their  geology  lias  been  published  by 
Dr.  F.  Kossinat,  in  which  be  remarks  the  occurrence  of  Cenonianiu 
and  Eooene  limestoaeB.' 


a  HaiUaf 


mni       CD   . 

site  S  Bai<i[       Limeatortt Stnes        Arehtan  Senet 
Dukes  ti  Crantle 

GiOLOOiCAi.  Skstch  Map  of  NoKTH-CiKTKAb  Socotra. 
The  present  oolleotion  does  not  necessitate  any  modifioation  in  tbe 
geological  history  of  Soootra,  as  deciphered  by  Professor  BoniMy 
from  the  materials  available  in  1883.    But  the  oolleotion  adds  to  the 
knowledge  of  the  distribution  of  the  different  rocks  io  tbe  island. 

1.  SOCOTKA. 

The  rock'oollection  from  Socotra  contains  representatives  of  three 
gronps  of  rocks — a  basal  Arohean  series,  some  massive  limeBtoneai 
and  some  comparatively  recent  volcanic  rocks. 

The  largest  part  of  the  collection  consists  of  Arohean  rocks  and 
some  associated  granites.    As  a  rule  the  gneiss  is  more  gramtoid 

>  F.Eomnat];  Biti.  natb.  iut.Cl.k.Akad.WiH.Wien,  lB99,No.ii,pp.  7S-81. 
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Hian  the  rook  whioh  forms  the  main  mass  of  the  East  Afrioan 
Archean  platean  ;  hat  a  spedmen  from  Thlatid,  at  the  height  of 
SOO  feet»  oorresponds  with  the  typioal  gneiss  of  the  mainland.  With 
the  granitoid  gneiss  there  is  a  ooarse  pink  granite  whioh  forms  the 
summit  of  Qehel  Haggier,  the  highest  peak  in  Soootra ;  it  ooours  also 
4tt  Adho  Dimellus,  and  at  the  height  of  1600  feet  at  Fadehen. 

The  second  group  of  the  Archean  series  consists  of  dark-green 
amphiholite  schists,  of  the  type  that  forms  snch  a  conspicuons 
feature  in  the  East  African  gneiss  series.  This  rock  was  collected 
"by  Dr.  Forbes  in  the  Hadibo  Plain  near  Tamrida. 

The  Archean  rocks  of  Socotra  therefore  resemble  those  of  the  East 
African  Nyika  series,  and  the  island  is  simply  an  outlier  of  the  East 
African  plateau. 

Overlying  the  gneisses  is  a  compact,  massive  limestone  which  has 
i)een  sometimes  rendered  coarsely  crystalline,  probably  by  contact 
metamorphism.  This  limestone  forms  the  extensive  plateau  at  the 
-eastern  end  of  the  island,  and  according  to  Dr.  Forbes  sections  cut 
by  the  Goahal  river  show  that  the  limestone  there  rests  directly  on 
the  Archean  series.  South  of  the  Goahal  river  the  limestone  forms 
4t  plateau,  the  southern  end  of  which  is  continued  westward  round 
the  southern  flanks  of  the  central  highlands.  From  the  Hamadari 
plateau  a  belt  of  limestone  extends  westward  to  beyond  Tamrida ;  the 
rivers  have  cut  through  it,  showing  that  it  rests  on  the  Archean 
series. 

The  collection  gives  no  evidence  as  to  the  age  of  the  limestones, 
but  fortunately  Herr  Kossmat  has  obtained  &om  it  a  number  of 
mollusca  and  echinids,  which  enabled  him  to  determine  it  as  Eocene. 
Kossmat  also  records  an  underlying  Genomanian  sandstone  with 
-Janira  quinqueeoatata. 

The  last  group  of  rocks  represented  in  the  collection  is  a  series  of 
recent  volcanic  rocks,  of  types  already  described  from  Socotra  by 
Professor  Bonney  and  Miss  Kaisin. 

The  volcanic  rooks  include  rhyolites,  qiiartz-felsites,  and  basalt 
Most  of  the  specimens  are  dyke  rooks,  but  one  lava  is  included  in 
the  collection.  It  is  a  rhyolite  with  well-marked  fluxion  structure 
and  containing  many  angular  fragments  ;  it  was  collected  on  the 
edge  of  the  plateau,  south  of  the  Goahal  river.  A  similar  rock  has 
been  described  and  figured  by  Professor  Bonney^  from  A2M)rah,  and 
according  to  Dr.  Forbes  the  rounded  hill  in  the  Ghariah  Plain  near 
Kamakanu  consists  of  the  same  rhyolite. 

Quartz-felsites  were  collected  from  dykes  intrusive  in  the  Archean 
series  at  Homhil  and  Adho  Dimellus.  The  felsites  at  both  localities 
are  intensely  altered  by  decomposition ;  the  abundant  iron-ores  have 
been  altered  to  leucoxene,  and  the  matrix  is  stained  bright  red.  The 
only  unaltered  minerals  are  the  large  phenocrysts  of  quartz ;  and 
they  are  deeply  corroded,  as  illustrated  by  Yelain '  from  the  quartz- 
trachytes  of  Aden,  and  by  Miss  Baisin'  in  a  quartz-felsite  from  Socotra. 

^  Bonney:  op.  cit.,  p.  287,  pi.  vii,  fig,  5. 

*  Ch.  Vdoin :  "  Descript.  jr6ol.  presqu'ile  d*Aden,"  1878,  p.  18,  fig.  2. 

'  Buisin:  op.  cit.,  p.  605^  fig.  1. 
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In  one  case  the  quartz  shows  a  zonal  arrangement  of  the  indasions, 
a  feature  unusual  in  volcanic  quartz  crystals ;  hut  the  identification 
of  the  mineral  was  confirmed  hy  the  use  of  convergent  polarized 
light  The  felsite  from  Adho  Dimellus  has  numerous,  somewhat 
ill-defined  spherulites  ;  in  that  from  Homhil  some  of  the  smaller 
patches  of  secondary  quartz  are  traversed  hy  faint  lines  like 
cleavages,  suggesting  that  the  quartz  has  been  formed  by  the  altera- 
tion of  tridymite  aggregates. 

The  last  member  of  the  rhyolite-felsite  series  is  an  altered,  fine- 
grained trachyte  from  the  Ghariah  Plain.  It  is  similar  in  character 
to  the  trachyte  figured  by  Professor  Bonney^  from  the  Azorah 
district. 

A  dyke  of  a  fairly  fresh  basalt  was  found  by  Dr.  Forbes  at  Thlutid, 
on  the  north-west  slope  of  the  granite  mass  of  Adho  Dimellus. 

The  most  interesting  feature  in  the  trachyte  and  felsite  is  that  the 
rocks  resemble  those  of  the  Aden  volcanic  series  rather  than  those  of 
the  East  African  volcanic  group.  For  opportunities  of  examining 
some  of  the  Aden  rocks  I  am  indebted  to  Mr.  G.  T.  Prior. 

Hence  Socotra  appears  to  be  an  outlier  of  the  Somali  platean, 
which  has  been  involved  in  the  movements  which  formed  the  Golf 
of  Aden,  and  has  been  the  scene  of  the  eruption  of  volcanic  rocks  of 
the  Aden  series. 

2.  Abd-el-Kubi. 

West  of  Socotra  is  the  small  island  of  Abd-el-Kuri,  where  a  larger 
rock  collection  was  made  by  Messrs.  Forbes  and  Grant.  It  was  also 
visited  by  Dr.  Kossmat,  who  has  described  it  as  composed  of  amphi- 
bolites,  penetrated  by  a  network  of  granites  and  camptonite  dykes, 
and  capped  by  a  limestone  which  he  suggests  to  be  of  Turonian  age. 
The  only  previous  geological  account  of  the  island  known  to  me  is 
by  II.  J.  Carter,-  who  in  his  memoir  on  the  geology  of  the  south-east 
coast  of  Arabia  described  Abd-el-Kuri  as  composed  of  a  mass  of 
granite  and  diorite,  capped  by  a  limestone  which  reaches  to  the 
summit  at  the  level  of  1600  feet  above  the  sea. 

The  collection  from  Abd-el-Kuri  is  composed  mainly  of  rocks 
belonging  to  the  Archean  series.  They  include  a  series  of  amphi- 
bolite  schists,  a  syenitic  gneiss,  some  specimens  of  which  have 
a  considerable  development  of  epidote,  and  a  white  gneiss  with 
hornblende  aggregations  :  the  last  rock  is  strikingly  like  one  which 
is  common  in  the  Ulu  Mountiiins  of  Ukambani  in  British  East  Africa. 
This  series  of  foliated  rocks  is  cut  through  by  pegmatite  dykes, 
which  are  almost  as  coarse  in  grain  as  those  of  Somaliland  :  in  one 
specimen  collected  the  muscovite  occurs  in  crystals  from  two  to 
three  inches  in  diameter. 

The  Archean  rocks  are  covered  by  limestones  which  occur  at 
different  levels  from  40  feet  above  the  sea  to  the  summits  of  Gebel 

^  Boniicy  :  op.  tit.,  p.  287,  ])1.  vii,  fig.  G. 

2  "  (ifoL  Papers  cu  Western  India."  1807,  p.  G20.  On  p.  621  of  the  same  work 
Carter  descrilKs  '  The  lirotliirs,''  the  inlets  l)et\veeu  Socotra  and  Abd-el-Kuri,  as  al>«.v 
tornied  ol  jj^ranite  and  diorite  eapi)ed  hy  limesituue. 
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Saleb  and  G^bel  Somali,  the  highest  peaks  in  the  islancL  The 
limestones  appear  to  be  very  fossiliferous,  and  one  specimen  is 
crowded  with  shell  fragments ;  but  the  only  speoimen  generioally 
determinable  is  a  Nerinaa  in  a  block  of  limestone  collected  by 
Dr.  Forbes  at  the  height  of  700  feet.  The  limestone  at  that  point 
is  therefore  no  doubt  Cretaceous. 

On  the  lower  parts  of  the  island  a  reef  limestone  occurs  np  to 
a  height  of  40  feet  above  sea-level.  As  it  contains  well-preserved 
specimens  of  Goniastraa  reti/ormia,  it  is  no  doubt  of  Pleistocene  age. 


II. — Notes  on    some  Hardangeb   Lakes. 
By  Horace  W.  Moxolton,  F.L.S.,  F.G.S. 

IN  many  places  in  Western  Norway  we  find  a  lake  separated  from 
a  fjord  by  a  mile  or  so  of  sand  and  gravel.  Looking  from  the 
Qord,  we  see  in  such  a  case  a  series  of  step  terraces,  with  possibly 
a  high  mound  at  the  back,  forming  a  dam  at  the  end  of  the  lake. 

Several  examples  of  this  arrangement  were  mentioned  by  Amund 
Holland  in  a  paper  published  by  the  Geological  Society  in  1877,^  and 
he  adopts  the  explanation  suggested  by  S.  A.  Sexe,'  that  the  dam 
at  the  end  of  the  lake  is  a  moraine  formed  when  a  glacier  filled  the 
space  now  occupied  by  the  lake ;  in  short,  that  it  is  the  terminal 
moraine  of  a  glacier  which  must  have  halted  for  some  time  at  the 
point  during  the  retreat  of  the  ice,  and  consequently  these  mounds 
and  terraces  were  formed  at  the  close  of  or  after  the  Glacial  Period, 
for  any  advance  of  the  ice  beyond  their  site  in  the  valleys  would 
have  carried  them  away  to  a  greater  or  less  extent. 

During  visits  to  Norway  in  1896,  1898,  and  1899,  I  have 
explored  several  of  the  valleys  in  which  these  moraines  occur,  and 
I  think  the  following  notes  may  be  of  interest 

I  will  first  describe  a  side  valley  which  branches  off  south  from 
the  great  valley  of  the  Hardanger  Fjord,  between  80  and  90  miles 
from  the  open  sea.  It  is  a  deep  channel  carved  out  of  gneiss,  and  the 
sides  have  in  many  places  been  scored  and  smoothed  by  ice,  and 
these  smoothed  rock-sides  pass  behind  all  the  deposits  in  the  valley, 
showing  that  it  is  older  than  them  all ;  in  this  it  differs  from  many 
of  our  English  valleys,  that  of  the  Thames  for  instance,  where  we 
believe  that  the  valley  is  more  recent  than  the  drift  around  it  and 
that  the  gravels  in  the  valley  mark  stages  in  its  excavation. 

The  mouth  of  the  branch  of  the  Hardanger  Fjord  valley  of  which 
I  am  speaking  is  at  Yik  i  £idfjord,  and  it  has  been  filled  up  with 
gravel,  sand,  etc.,  almost  to  the  edge  of  the  main  valley,  so  that  there 
IS  but  a  small  bay  or  indent  in  the  fjord  at  its  mouth. 

From  the  fjord  one  sees  a  series  of  step  terraces  rising  one  above 
the  other,  the  highest  being  on  the  east  side  vrith  a  flat  top  and  of 
considerable  extent 

If  we  follow  the  river  up  from  its  mouth  we  find  that  it  has  out 
a  channel  through  all  the  terraces,  which  look  like  great  railway 

^  Quart.  Joom.  Geol.  Soc,  vol.  xxxiii,  p.  142. 

'  **  Msorker  eften  en  listid  "  ;^  4to ;  Chnstiania,  1866. 
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embaDkraents  on  eitber  aiile,  and  ratber  more  than  a  mile  from  tbe 
fjord  we  reach  a  lake,  the  Eidljord  Vand.  Ita  depth  is  246  feet, 
the  surface  ia  56  feet  above  the  eea,  ami  the  bottom  is  therefore  190 
feet  below  (he  surface  of  the  fjord.  These  fiKurea  are  from  a  paper 
by  Amund  Helland  ; '  in  other  cases  I  have  done  my  best  to  obtain 
accurate  figures,  but  have  somelimes  had  to  rely  on  my  pocket 
aneroid. 


nomae ;  D,  the  shelf,  probably  b  fragmeot  of  the  Ki^t  moraine ;  E,  Qa 
terrace  upon  nhicli  Vik  i  Kdfjord  Cburch  ntnndt ;  F,  tke  10  feet  terrace  apoa 
wbich  tbe  hotels  etand. 

On  looking  at  the  map  (Fig.  1)  it  is  clear  that  almost  the  whole 
of  the  material  of  whiob  all  these  terraoes  are  farmed  must  hava 
oome  down  tbe  valley  and  over  the  lake,  the  length  of  whiob  i» 
2^  miles,  and  it  mtut  consequently  have  been  brought  whilst  the 
ioe  had  poBBession  of  the  lake.  '*Mii 

The  highest  terraoe  is  on  the  east  side  of  the  valley,  and  if  w« 
mount  to  its  top  we  find  ourselves  on  a  lai^  plain,  say  one  |mil« 
'  "I>jbdemeino|^eindij60[,"  ete.-.  ■Sot^w.^Vw^^iAbiA^A'^R^.^-W. 
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Img  Mad  half  ft  mile  wide,  with  a  slight  ilope  to  the  eea.  It  extendi 
from  the  lake  nearly  to  the  fjord,  and  ia  bounded  on  the  eait  by 
tbtt  steep  rooky  side  of  the  valley  and  on  the  west  by  a  deep 
ohannet  oat  by  the  river  which  flows  from  the  lake  to  the  fjord. 
On  the  top  there  is  a  Tillage  and  fields. 

The  flat  top  shows  that  the  sand,  gravel,  and  stones  of  which  tlits 
vast  moand  consists  mast  have  been  spread  out  under  water,  no 
doubt  the  water  of  the  sea.  Its  height  is  about  350  feet  above  the 
•ea,  so  that  at  the  time  of  its  deposition  the  land  most  have  stood  at 
least  350  feet  lower  than  now. 


Fio.  2. — Tm  EiDFJOBD  Vanc,  Yik  i  Eidfjohd,  Hakdakoeb. 
The  moraine  on  tlie  west  side  of  the  river  is  not  so  large.  Its  top 
is  more  rounded  nnd  nut  quite  bo  liigh.  Its  liigheat  point  is  near 
the  west  side  uf  tlie  valley,  and  from  it  I  could  Bee  the  houses  on  the 
great  moraine  opposite,  so  tlist  the  difference  in  level  ia  not  large. 
'Ilie  north  end  ol'  the  lake,  witli  tlie  great  moraine,  is  shown  in  tlie 
photograph.  Fig.  2,  wliich  was  taken  from  the  road  on  the  west  of  the 
lake.  Uu  the  whole,  it  seems  to  me  probable  that  the  bank  originally 
stretohecl  across  the  valley  at  about  the  same  height,  and  that  the 

S resent  diS'erenoe  in  level  is  due  to  the  erosion  effected  by  waters 
owing  down  the  valley.  At  what  period  in  this  erosive  prooess 
the  ioe  left  the  site  of  tlie  lake  is  not  quite  clear,  bat  that  it  must 
hftve  been  at  a  fairly  early  period  is  shown  by  certain  Btep  terraces 
•t  the  southern  or  upper  end  of  the  lake  and  by  old  shore-lines  on 
ib»  great  mormine  ilaelf. 
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There  are  two  fairly  well-marked  shore-lines  on  the  lake  face  of 
the  moraine,  one  about  100  feet  above  the  surface  and  the  other 
•rather  lower.  These  no  doubt  mark  stages  in  the  deepening  of  the 
outlet  by  which  the  river  flows  to  the  sea  :  probably  the  deepening 
of  the  outlet  bore  some  relation  to  the  rise  of  the  land.  On  the  west 
of  the  outlet  there  is  a  working  for  gravel  on  the  inner  face  of  the 
moraine,  and  it  shows  ordinary  moraine  stulGf — sand,  gravel,  and 
stones  of  all  sizes,  mixed  loosely  together. 

There  is  a  rough  stratification  parallel  to  the  face  of  the  bank,  as 
though  material  had  been  carried  ofi*  the  top  and  rolled  down  the  face 
of  the  moraine  towards  the  lake,  and  this  makes  me  suspect  that  the 
ice  had  left  the  face  of  the  moraine  whilst  it  was  still  submerged 
beneath  the  sea.  At  the  top  of  the  pit  there  is  a  little  blue  stratified 
clay.  It  is  about  50  feet  above  the  lake,  and  I  saw  in  1899  a  small 
section  in  a  similar  blue  clay  by  the  roadside  near  the  western  end 
of  the  moraine,  about  15  feet  above  the  lake.  The  section  was  about 
2^  feet  deep,  and  exposed  stiff  blue  clay  well  stratified  with  a  layer 
or  two  of  ferruginous  deposit.  These  clay  deposits  show  that  the 
level  of  the  lake  was  lowered  very  gradually. 

Passing  now  to  the  south  end  of  the  lake,  we  find  an  allovial  flat 
of  considerable  extent,  on  which  the  village  of  Stebo  stands,  anl 
above  the  flat  are  some  step  terraces  up  to  a  level  of  perhaps  200  fiMt 
These  terraces  clearly  cannot  have  been  formed  when  the  glscisr 
extended  down  the  valley  beyond  them,  and  they  are  flat  and  have 
obviously  been  deposited  under  water — the  water  of  the  lake.  They 
therefore  belong  to  the  period  when  the  ice  had  left  the  lake  and 
when  the  water  of  the  lake  stood  at  least  144  feet  higher  than  now ; 
in  other  words,  before  the  river  had  cut  down  it^  outlet  to  a  depth  of 
more  than  207  feet  below  the  top  of  the  highest  terrace.  Taking 
this  together  with  the  evidence  furnished  at  the  moraine  end  of  the 
lake,  I  am  led  to  suspect  that  the  glacier  left  the  lake  during  an 
early  part  of  this  cutting-out  process. 

Two  valleys  meet  at  Saebo,  and  in  both  we  find  niomines  and 
terraces.  The  western  valley  is  Hjahnodal,  and  near  its  mouth 
there  is  a  moraine  of  great  blocks  reaching  a  height  of  over  300  feet 
above  the  sea,  and  also  a  fairly  flat- topped  moraine  at  a  rather  lower 
level.  The  eastern  valley  eventually  leads  up  to  the  celebrated 
Voringsfos.  At  the  lower  end  above  Saebo  a  knob  of  rock  stands 
out,  or  rather  did  stand  out,  in  the  middle  of  the  valley,  and  the 
space  between  it  and  the  valley  wall  is  filled  in  with  moraine  stuff 
to  a  height  of  some  200  feet  above  the  river.  Small  sections  show 
that  this  is  in  part  stratified  sand.  The  River  Bjoreia  flows  round 
the  other  side  of  the  knob,  and  above  the  river  are  small  terraces. 

A  little  further  up  the  valley  a  sandy  flat  seems  to  mark  the  site 
of  a  small  lake ;  terraces  occur  on  both  sides,  and  probably  once 
formed  a  barrier  across  the  valley  when  the  glacier  occupied  it  as 
far  down  as  this  point.  The  river  has  now  removed  much  of  this 
barrier,  and  the  lake  is  dry. 

^  I  now  return  to  Vik  i  Eidfjord  and  the  step  terraces  between  the 
fjord  and  the  great  moraines.     They  are  confined  almost  to  the  west 
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•ids  of  th«  river,  of  whioli  the  part  between  the  lake  and  the  Qord 
ia  named  the  River  Eieo,  almoBt  all  the  east  aide  being  oooupied 
bv  the  high  tnonine.  The  river  and  terraoea  are  seen  in  the  photo- 
graph. Fig.  3.  The  moat  extensive  terrace  ia  the  flat  npon  which 
tho  oburofa  and  village  of  Vik  stand.  It  is  about  SO  feet  above  the 
Qord  and  riaea  inland.  Below  it  there  ia  a  amaller  flat,  say  10  feet 
above  the  Qord,  on  whioh  the  Hotel  Vuringsfoa  etnnda,  and  still 
lower  there  ia  a  fair  extent  of  flat  at  the  present  level  of  the  river. 
Each  of  theee  flats  must  mark  pauses  in  the  elevation  of  the  land, 
and,  ai  I  have  suggested  above,  the  river  probably  out  its  ohanQel 
through  the  moraine  deeper  in  proportion  as  the  land  rose. 


Pio.  S. — Vww  ranii  the  Moctr  of  tkb  River  Eieo,  Vik  i  Eidpjokd. 
An  I  have  shown  that  the  ice  left  the  lake  at  any  rate  before  the 
(iiannel  had  been  excavated  to  anything  like  its  present  depth,  and 
aa  all  the  material  of  which  these  terraces  are  formed  must  have 
be«n  brought  ocrosa  the  lake  at  the  same  time  as  that  of  which  the 
highest  tenaoe  is  formed,  I  am  inclined  to  think  that  originally  the 
highest  terraoe  filled  the  whole  valley  from  side  to  side  and  from 
the  lake  to  the  fjord,  and  that  the  step  terraces  are  not  formed  by 
subsequent  deposition  but  have  been  carved   out  of  it  by  river 


Uy  reasons  for  this  conclusion  are  as  follows : — 

At  the  seaward  side  of  the  moraine  on  the  west  of  the  river  there 
is  a  space  where  bare  rock  is  exposed  practically  from  the  river  to 
the  side  of  the  valley  (Fig.  1,  0),  but  nearer  the  fjord  there  U 
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a  prominent  ledge  or  shelf  (Fig.  1,  D)  of  moraine  stuff  with  a  flat 
top  nearly  as  high  as  the  corresponding  part  of  the  highest  terrao^ 
on  the  other  side  of  the  valley.  I  think  this  must  be  a  fragment 
of  the  highest  terrsuse,  and  if  so  shows  that  it  extended  a  long  way 
down  the  west  side  of  the  valley. 

Again,  close  to  Yik  Church  there  is  an  oblong  mound  running 
north  and  south ;  the  top  is  flat  and  67  yards  long,  and  its  height 
perhaps  40  feet.  My  attention  was  drawn  to  it  by  Herr  Nsaaheim, 
the  proprietor  of  the  Hotel  Yoringsfos,  and  at  first  I  was  at  a  loes 
to  account  for  it  I  now  think  it  is  a  fragment  of  a  higher  terrace, 
which  has  been  left  by  the  river  when  it  cut  down  to  the  church  flat 

At  the  present  time,  too,  the  river  is  carving  out  a  terrace  at  tea* 
level  and  throwing  the  material  removed  from  its  banks  into  the 
fjord,  forming  a  vast  spoil  heap  which,  owing  to  the  great  depth  of 
the  fjord,  is  only  now  beginning  to  project  slightly. 

Helland  remarks  :  '*  Near  to  where  the  river  issuea  from  the  Iihii|-.;i 
the  solid  rock  protrudes,  being  here  covered  with  groovings.    Huw^ 
the  lake  is  a  true  rock-basin."  ^    This  no  doubt  refers  to  the  mt^*l\ 
already  mentioned  where,  on  the  west  of  the  valley,  rook  ezteMla 
nearly  as  far  down  as  the  river,  but  there  is  a  space  of  about  hdT;^ 
a  mile  between  this  rock  and  the  eastern  face  of  the  valley^  whUi  i||'* 
covered  by  moraine.     I  therefore  see  nothing  to  show  that  tW:! 
bottom  of  the  old  valley  is  not  buried  under  this  morainei  anS  i 
would  observe  that  the  course  taken  by  the  overflow  from  the  lakt 
over  the  top  of  the  moraine  could  have  no  reference  to  the  shape  of 
the  bottom  of  the  rock  valley  beneath.     I  suspect  that  if  all  the 
moraine  stuff  were  removed  the  Eidfjord  Vaud  would  prove  to  be 
an  arm  of  the  Hardanger  Fjord. 

Some  thirteen  miles  west  of  Vik  a  long  arm  runs  south  from  the 
Hardanger.  It  is  the  Sur  Fjord,  and  at  its  head  we  fiud  many  of 
the  features  descril)ed  above  repeated.  There  are  again  step  terraces, 
on  one  of  which  stands  Odda,  and  there  is  a  vast  moraine  forming 
a  dam  to  a  lake — the  Sandven  Vand.  The  moraine  attains  a  height 
of  446  feet  above  sea-level.  The  top  is  not  flat,  but  forms  a  mound, 
its  shape  being,  as  Helland  suggests,  probably  due  to  the  fact  that 
its  top  stood  above  the  sea-level  at  the  time  of  its  deposition.  Below 
there  is  a  large  Hat  terrace  at  a  level  of  about  308  feet  above  the  fjord. 

The  step  of  the  terrace  on  which  the  school  at  Odda  stands  has 
a  slight  {Nlo})e  away  from  the  fjord,  the  result  of  the  manner  in 
which  the  river  has  carved  it  out ;  and  in  cutting  out  the  lowest 
terrace,  the  river  has  left  a  bank  {)r()jecting  from  the  next  step 
between  the  lowest  terrace  and  the  fjord,  which,  until  I  realized  that 
these  terraces  were  cut  out,  somewhat  puzzled  me. 

We  will  now  cross  to  the  north  of  the  Hardanger  Fjord  and  glance 
at  the  Graven  Fjord,  with  its  lake,  the  Graven  Vand.  That  lake  is 
a  mile  fiom  the  fjord.  Its  level  is  1)5  feet  above  the  sea  and  it  i& 
282  feet  deep.  At  the  head  of  the  fjord  there  is  a  large  flat  with 
a  long  slope  under  water,  which  is  in  process  of  extension  by  the 
present  action   of  the  river.      This  Hat  extends  for  some  distance 

^  Loc.  cit.,  p.  IGG, 
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iDland,  and  on  the  eut  reaohei  the  side  of  the  valley.  On  the  weit 
Umts  are  lemtoei  at  varying  leveli,  and  in  one  of  them  there  is  an 
annRnally  good  Motion,  of  whioli  I  took  the  photogTa|)h,  Fig.  4. 

The  height  of  ibe  Motion  is  ahunt  3U  feet.  It  shows  typical 
moraine  stuff  very  well  stratified.  In  the  lower  part  are  some  fair- 
aized  boulders  in  a  bed  of  sand,  and  tliey  stand  out  and  produce 
k  sort  of  earth-pitlar  stmotura.  I  could  not  find  a  tmoe  of  shells. 
The  bottom  of  the  section  is  about  10  feet  above  the  fjord.  Between 
the  fjord  and  the  lake  are  mounds  and  terraces,  and  near  the  end 
of  the  lake  there  is  a  flnt-toppMl  terrace  which  may  once  have 
oroased  the  valley,  bnt  now  the  river  flows  with  a  fairly  even  slope 
from  the  lake  to  the  Ijord. 


Above  the  Graven  V>iiid  there  are  exlensi  ve  terraces,  c 
which,  I  believe,  are  old  moraines  of  which  the  top  has  been  flattened 
artifloinlly.  Tlitre  are  oiliers  which  murk  old  water-levels,  and  in 
one  by  the  roadside  »t  a  stone  20  kilumetves  from  Voss  there  ia 
ft  good  section  showiu);  well -stratified  Band  with  a  few  stones. 
There  in  a  fairly  extenRJve  flat  at  a  level  of  30  feet  above  the  lake 
and  a  smaller  terrace  10  feet  higher.  In  it  I  saw  the  following 
■ection : — 

Section  in  Flat-toi'ped  Tehkacb,  Seik  i  OitAVSX. 

1.  Earth,  9iiiche«. 

!.  Stonen  of  rarioiu  sJzea,  with  little  or  nn  sign  of  stratiflcatioD. 

3.  CosiM  sand,  wetl  atradHeil  an.l  (hawing  cnrrent  bedding ;  4}  feet  tena. 


ermff  mid  oerptHtinwation. 

I  imagine  that  tliesp  flats  an:!  toiraoes  murk  former  levels  of  lltf 
fjord.  Titers  is  no  e^-idenoe  that  eitlier  the  S™inlven  Vand  or  Gravaa 
Vand  are  rock  Imsini,  but  in  conclusion  1  will  say  n  few  worila  about, 
A  lake  which  I  am  inclined  to  think  is  a  rock  basin,  thougli  I  coald 
not  prove  this  for  certain  without  borin;;.  I  refer  to  the  lake  it 
Noreimsnnd  on  the  north  side  of  the  Haiilanf^r  Fjord. 

The  outlet  of  the  lake  reminds  one  of  the  outlet  of  Loch  Eliviv 
near  Oban,  hnt  it  is  on  a  much  smaller  Eicale  and  is  the  beat  esampte 
of  its  kind  I  have  seen.  The  water  flows  over  a  rock-lip,  the  whoto 
flf  which  from  shore  to  fihore  is  perfectly  clear.  At  bigb-tide  lb* 
lake  becomes,  in  fact,  the  end  of  the  fjord,  whereas  at  low -tide 
a  stream  pours  over  the  rock  and  forma  a  small  cataract.  There  il 
one  place,  abont  a  hundred  yards  west  of  the  outlet,  where  rock  doM 
not  show  at  the  surfaae  of  the  ^ound.  and  where  there  may  poeiihiy  ' 
be  a  buried  clinunel  passing  to  the  fjord  behind  th«  villag«.  In  auf  ' 
cage  the  locality  is  interesting  and  well  worth  a  visit 

III. — A  Con  TBI  nr  Tins  to  the  Diboussiov  om  Book  •  vsathuiso 

AND  SuRPESTIMKATIOK. 
It)-  T.  H.  noLi.*sti,  Omoisting  SuptriutpmWt,  Cce.logiodl  Survey  of  Indw. 

BY  correlating  the  head  and  the  tail  of  Professor  G.  I'.  Merrills  J 
"Diaauasion    on    the    use    of    the    terms    Boak-weatIiennK>  || 
Serpen  tin  iziiti  on,    and    Hydrometamorphiim," '    I    irifer    ft    direct 
invitation   to  confer  with  him  on    the  tjiiealions  raised  by  me  M 
the  Bristol  meeting  of  the  British  Association.* 

At  the  outset  it  should  be  explained  that,  thouj^h  not  so  Hpparent 
from  the  published  abstract,  reference  to  the  full  text  of  my  paper 
AS  read  shows  that  ProfeBsor  Merrill  and  I  have  on  many  poinia 
independently  arrived  at  similar  conclusions. 

In  hiH  "Treatise  on  Rooks  and  Kock •  weathering,"  Professor 
Merrill  called  attention  to  the  not  nnfreqnent  oraisaion  in  geolofcioal 
literature  of  n  precise  distinction  between  the  work  of  subaeriol 
agents  and  the  deep-seated  forma  of  hydrometamorphism  and 
alteration.  But  although  he  included  "  epidote,  chlorite,  sericile, 
leucoxene,  kaolin  (?),  pyiite,  and  various  zeolitic  compounds  "  in  the 
latter  category,  he  made  no  mention  of  serpentine.  Professor 
Merrill  suys  that  the  distinction  drawn  by  him  in  1897  between 
weathering  and  the  more  deep-seated  alteration  of  rooks  ii 
essentially  that  made  by  Both  between  VenoilterHng  and  eomplieirU 
Ver wilier ung.'  He  also  now  says  that  whilst  Koth  in  1669  spoke  of 
serpentine  and  zeolites  as  products  of  weathering  (VerieitUnag), 
he  so  far  changed  bis  viewa  or  mode  of  expressing  them  in  hit 
latest  work  (1893)  as  to  call  the  deep-sealed  prooees  complidrtt 
VeriellUrung  in  distinclion  from  the  purely  superficial  VenetUenaig 
due  to  atmospheric  action. 

'  Geol.  Mao.,  Augtut,  1899,  pp.  364-8. 

'  "The  Comparative  ActioDaof  Subaiirial  Bad  Subni  Brine  Agents  io  Bock  Decom- 
position  "  :  Rep.  Brit.  Auoc.,  1898,  p.  868 ;  Gedl.  Mao.,  January,  1899,  p.  30. 
'  *'  Uacki  and  Itock- weathering,"  pp.  161  and  171  (footaate). 
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These  are  by  no  means  the  impressions  I  have  gathered  from 
Both*s  writings,  in  which  I  can  find  uo  change  of  views  between 
1669  and  1893,  and  nowhere  any  consolation  either  for  my  views  of 
the  origin  of  serpentine  or  of  Professor  Merrill's  modification  of  them. 
Both^  distinguishetl  einfache  Verwitterung  —  the  simple  chemical 
reaotions  prodaced  in  rocks  by  the  action  of  atmospheric  air,  water, 
and  the  contained  gases^from  complicirle  Verwitterutig,  which  is 
due  to  the  complex  reactions  of  solutions  formed  by  the  first 
process.  By  the  use  of  the  term  complicirln  Verwitterung  Koth 
merely  referred  to  the  complex  nature  of  the  chemical  reactions,  and 
never  suggested  that  the  water  of  these  solutions  was  other  than  of 
immediate  superficial  origin.  The  action  of  superheated  water, 
steam  and  other  vapours  from  deep-seated  sources,  Koth  distinguished 
under  quite  a  different  name  as  Zeraetzung,  which  is  unfortunately 
the  term  deeompoBttion  by  which  Professor  Merrill  proposes  to- 
distinguish  true  weathering  from  the  more  deep-seated  alteration  and 
hydromeiamorphism.'^ 

Moreover,  although  it  is  true,  as  Professor  Merrill  says,  that  Roth 
in  his  "  Ueber  den  Serpentin  '*  described  the  procenses  and  results 
incidental  to  the  Verwitterung  of  the  serpentine  quite  independently 
of  those  incidental  to  its  first  production,  he  did  not  recognize  any 
essential  difference  between  them  ;  but,  on  the  contrary,  says 
expressly,  ''die  Verwitterung  des  Olivins  zu  Serpentin  nur  eiii 
Stadium  des  Prozesses  bezeiclmet,  der  Serpentin  unterliegt  seiner* 
seits  einer  weiteren  Verwitterung/'  ^  Eoth  evidently  considered 
serpentinizatiou  to  be  induced  by  meteoric  waters,  and  referred 
definitely  to  the  oxidation  as  a  phase  of  the  process.  Both  in  his 
first  volume,  which  appeared  in  1879  (p.  113),  and  in  the  last 
-volume  of  his  "Chemische  Geologic"  (1893,  p.  422),  he  refers 
to  the  serpentinizatiou  of  olivine  under  the  heading  **  Einfaclie 
Verwitterung  des  Olivins."  On  this  account,  coupled  with  the 
acquiescence  by  silence  or  applause  on  the  part  of  English  writers, 
I  brought  the  new  facts  obtained  in  India  to  the  notice  of  tlte 
British  Association,  and  concluded  therefrom  that  atmospheric  agents 
bad  practically  nothing  to  do  with  the  formation  of  serpentine  rock. 
On  the  same  occasion,  by  comparing  the  geological  history  of  the 
Madras  Presidency,  where  fresh  olivine  rocks  occur  abundantly,. 
with  that  of  the  Andaman  Islands,  Kcishmir,  and  Baluchistan, 
where  our  serpentines  are  found,  it  was  suggested,  as  a  basis  for 
discussion,  that  submergence  below  sea-level  favours  the  formation 
of  serpentine. 

*  Allgemeine  und  Chem.  Geol.,  vol.  i  (1879),  pp.  1,  2,  43,  47,  and  159. 

'  As  results  of  compUcirte  Vei'witterntig  Koth  included  the  zeolites  and  many  ot 
the  minerals  considered  by  Professor  Merrill  to  be  due  to  agents  of  deep-seated  origin. 
I  agree  with  Professor  MerrilFs  list  (serpentine  not  being  on  it),  but  1  see  no  support 
for  our  views  in  the  writings  of  Roth.  His  later  use  of  the  expression  agrees  exactly 
with  the  statements  made  in  earlier  papers,  where  the  verb  is  not  given  an  adjectival 
form,  as  in  **  complicirt  sich  die  Verwitterung  des  Fel«itporphyrs  durch  Zufuhr  vou 
Kalk  und  Eisen  aus  nahe  gelegenen  Partien,  so  entstehen  *  Epidosite '  Gesteine ' 
(Abhand.  der  Akad.  der  Wiss.,  Berlin,  1869,  ii,  133). 

*  Abhnnd.  der  Akad.  der  Wiss.,  Berlin,  1869,  ii,  345  and  346. 
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Professor  Merrill  has  now  advanced  further  eTidence  in  support 
of  my  first  point  by  showing  that  there  are  essential  chemical 
ilifferences  between  serpentine  and  tbe  weathered  products  of 
niagnesian  rocks.^  Althougli,  however,  we  are  agreed,  Professor 
Merrill  and  I,  that  serpentine,  as  one  instance  of  a  secondary 
hydrous  mineral,  has  been  wrongly  ascribed  to  weathering,  we 
find  ourselves  at  variance  when  we  pass  from  destructive  criticism 
to  the  creation  of  a  more  satisfactory  substitute  for  the  old  ideas. 

As  the  presentation  of  objections  to  an  opponent  is  generally  an 
•easier  problem  than  proving  one's  own  case,  I  will  commence  with 
a  criticism  of  Professor  Merrill's  theory.  According  to  his  view, 
"  serpeutinization  is  a  deep-seated  process^  due  to  waters  or  vapoarB 
coming  from  considerable  depths,  and  it  may  be  even  constituents 
of  the  magmas  at  the  time  of  their  intrusion."  "  The  almost  complete 
absence  of  oxidization  products  in  fresh  serpentine  is,"  he  says, 
**  indicative  of  this."  ^ 

This  last  clause,  given  as  a  reason  for  the  conclusions  indicated 
in  the  previous  part  of  the  same  paragraph,  is  the  one  which  I  would 
first  of  all  criticize,  and  against  which  I  will  produce,  besides  the 
statements  of  Roth,  the  testimony  of  a  very  reliable  authority  to 
show  that  oxidation  is  a  constant,  and  presumably  essential,  phase 
in  the  formation  of  serpentine  from  olivine  : — 

''The  serpentinous  alteration  [of  olivine]  takes  place  along  the 
irregular  curvilinear  lines  of  fracture,  and  under  favourable  conditions 
continues  until  the  transformation  is  complete.  ....  The 
iron,  which  existed  as  protoxide,  is  further  oxidized,  and  crystallizes 
out.  along  lines  of  fracture  as  magnetite  or  hematite,  or  in  the 
liydroiis  sesquioxide  form  known  as  limonite." 

*'  In  this  process  of  hydration  the  combined  iron  becomes  converted 
into  the  sesipiioxide  form." 

"The  mineral  olivine,  an  anhydrous  ferruginous  silicate  of  mag- 
nesia, passes  over  into  serpentine  by  a  simple  process  of  hydration, 
and  a  more  or  less  complete  change  of  its  combined  iron  from  the 
ferrous  to  the  ferric  state." 

So  we  learn  from  the  fascinating  ''Treatise  on  Rocks  and  Rock- 
weathering."^  And  in  this  matter  its  author  is  in  perfect  agreement 
with  other  earlier  authorities.  The  limited  amount  of  oxidation  may 
bo  claimed  to  be  as  consistent  with  the  submarine  as  the  subterranean 
theory,  but  as  it  is  not  part  of  the  evidence  on  which  I  base  the 
former  it  may  be  left  out  of  the  present  argument. 

**  The  action  of  waters  or  vapours  coming  from  considerable 
depths"  has  often  been  referred  to  by  earlier  writers  as  the  cause  of 

^  That  serpcutine  lo^cs  water  by  oxposuro  to  the  weailuT  is  not  in  itself,  however, 
a  proof  that  the  ])rtvi(»us  liydration  nt"  tht;  olivine  was  not  effecteil  by  atmospheric 
water.  Latoritc.  which  is  nn(piestional)ly  a  pro<Ui('t  of  true,  thoiiirh  ixxuliar, 
weatlurinf]:',  lo^cs  water  on  e\])osure  evcii  to  a  humid  atraospliere. 

'"  W.  Liuilt^nen  in  ISDti  also  referred  to  ser])entini/atiou  a-*  ii  deep-seated  procr-ss, 
whieh,  he  .said,  slionld  not  be  referred  to  weatherinir :  17th  Annual  Report,  U..S. 
(jeol.  Snrv.,])t.  ii  (ISO')  (.1  ,  ]).  92. 

^  (iKoL.  MKG.y  Auuu>^t,  1SI)9,  p.  356. 

*  l>p.  2-1,  2o,  97,  158,  and  159. 
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<)ertain  alterations  amongst  the  seoondary  minerals  mentioned  by 
Professor  Merrill.^  The  formation  of  zeolites  by  the  action  of 
thermal  springs  in  brickwork  was,  everybody  knows,  considered  by 
Daabr^  to  be  a  sufficient  explanation  of  the  origin  of  the  amygdales 
in  volcanic  rocks,  and  the  same  author  suggested  further  that  palago- 
nite  and  serpentine  were  formed  in  a  similar  way.'  Of  the  other 
•secondary  minerals,  without  going  into  the  extensive  literature  which 
•exists,  it  will  be  necessary  only  to  recall  the  processes  by  which  the 
formation  of  kaolin,  epidote,  chlorite,  biotite,  and  magnetite  has 
been  traced  out  in  detail  by  Professor  Judd*  in  the  propylites  of 
the  western  isles  of  Scotland,  as  the  result  of  solfatario  action  on 
previously  fresh  rocks  of  the  andesitic  and  dioritic  types,  which  are 
the  oldest  of  the  Tertiary  ernptives  in  that  area.  Professor  Jndd 
-carefully  emphasizes  a  distinction  between  the  widely-spread  elSects 
of  solfatario  action  and  the  somewhat  similar,  but  purely  local,  effects 
of  oontact-metamorphism. 

The  other  point  raised  by  Professor  Merrill,  namely,  the  behaviour 
•of  the  water  and  other  vapours  included  in  the  magma,  has  not, 
I  admit,  been  so  generally  recognized,  and  for  that  reason  I  have 
recently  taken  advantage  of  more  than  one  opportunity  of  bringing 
the  importance  of  this  matter  into  prominence.  In  1897  it  was 
pointed  out  that  the  water  excluded  from  the  mother-liquor  by  the 
separation  of  anhydrous  minerals  from  a  basic  aquo-igneous  magma 
may  attack  the  susceptible  ferromagnesian  silicates  previously 
crystallized  from  the  Rame  magma,  with  the  formation  of  secondary 
biotite  and  magnetite.^  There  are  reasons  for  supposing  that 
«  similar  explanation  applies  to  the  zeolites  of  the  Deccan  Trap  iu 
localities  distant  from  any  volcanic  vent.^ 

But  the  idea,  nevertheless,  is  not  an  original  one ;  for  although 
J.  D.  Dana^  held  in  1845  that  amygdales  were  formed  by  the 
infiltration  of  water,  probably  sea- water,  he  expressed  a  modification 
of  his  views  in  1880,  stating  ''that  the  moisture  which  made  the 
amygdaloidal  cavities  was  the  moisture  which  altered  the  pyroxene 
or  other  minerals  of  the  rock  to  chlorite,  and  made  the  zeolites  and 

'  "  Rocks  and  Rock -weathering,"  pp.  161  and  174  (footnote). 
'  Quart.  Joum.  Geol.  Soc,  vol.  xxxiv  (1878),  p.  82. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xlvi  (1890),  pp.  341-382. 

*  '*  On  Augite-diorites  with  Micropegmatite  in  Southern  India  '*:  Quart.  Joum. 
Geol.  Soc.,  vol.  liii  (1897),  p.  405. 

^  In  a  memoir  on  the  Salem  rocks,  now  in  the  press,  evidence  is  given  which 
indicates  an  ori^n  similar  to  this  for  the  magnesite  which  is  so  constantly  found 
reining  the  pendotite  masses  in  South  India.  Most,  if  not  all,  these  peridotite 
eruptions  are  accompanied  by  masses  of  white  quartz  containing  liquid  carbonic  acid. 
The  association  of  tnese  two  rocLs  is  too  constant  to  be  fortuitous,  and  is  suggestive 
of  a  genetic  relationship,  the  quartz  being  more  probably  the  siliceous  end-product 
•of  the  eruption  in  each  instance,  and  in  the  absence  of  alumina  and  alkalies  con- 
solidates as  simple  (juartz  inste^id  of  forming  alumino -alkaline  silicates.  That  being 
Ao,  the  large  quantities  of  carbonic  acid  under  pressure  might  attack  the  olinne,  with 
formation  of  magnesite  and  separation  of  chalcedonic  silica.  The  water  associated 
with  the  carbonic  acid  accounts  for  the  small  quantities  of  picrolite  always  found  in 
these  peridotites,  which,  however,  never  show  a  general  serpentinization  of  the  mass. 

^  *^  Origin  of  the  constituent  and  adventitious  Minerals  of  Trap  and  the  allied 
Jlocks"  :  Amer.  Joum.  Sci.,  vol.  ^dix  (1845),  pp.  49-64. 
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quartz  chiefly  out  of  its  felspars.*'  ^  Scrope,  even  as  far  bade  at 
1825,  suggested  that  these  secondary  minerals  in  trap  rocks  are  ibs 
results  of  vapours  accompanying  volcanic  eruptions,  though  he 
admitted  that  additional  material  might  subsequently  be  obtained 
by  the  infiltration  of  solutions  from  overlying  rocks,  especially 
'* calcareous  strata."'  In  1897  Sir  A.  Geikie  pointed  out  that 
though  it  is  a  common  belief  that  the  filling  in  of  the  steam  cavities 
has  taken  place  long  subsequent  to  the  volcanic  period  by  the  slow 
percolation  of  meteoric  water  through  the  rock,  he  believed  that 
at  least  in  some  cases,  if  not  all,  the  conversion  of  the  vesioular 
lavas  into  amygdaloids  was  effected  during  the  volcanic  period,  the 
amygdales  themselves  sharing  in  the  general  metamorphism  induced 
by  later  eruptions.' 

Although  different  opinions  are  recorded  concerning  the  origin  of 
certain  of  these  secondaiy  minerals,  there  is  a  fair  agreement  in 
literature  with  regard  to  the  possible  origin  of  secondary  chlorite^ 
biotite,  epidote,  magnetite,  and  the  amygdaloidal  bodies  in  basalts 
by  the  action  of  subterranean  vapoui*s,  both  during  and  subsequent 
to  the  consolidation  of  the  rocks  in  which  they  occur.  Although, 
moreover,  more  than  one  mode  of  origin  has  been  granted  for 
certain  of  these  minerals,  I  cannot  subscribe  to  Professor  Merrill's 
verdict  that  **  geologists  and  petrologists  as  a  rule  have  been  ex- 
tremely careless  in  their  use  of  such  terms  as  alteration^  deeompontion, 
and  weathering.^*  Roth  gave  a  wider  meaning  to  weathering  than 
most,  but  before,  during,  and  since  his  time  many  of  the  minerals 
regarded  by  him  as  products  of  weathering  have  been  referred 
to  deep-seated  agencies.  Kaolin  and,  with  evident  misgivings, 
serpentine  have,  however,  until  recently  been  generally  looked 
upon  as  tlio  work  of  meteoric  waters.  After  what  has  been  written 
above  and  pul^lished  in  other  papers,  it  would  be  difficult  to  prove 
that  I  entertain  any  predetermined  bias  against  the  action  of  deep- 
seated  agencies.  On  the  contrary,  knowing  what  has  been  done  in 
connection  with  epidote,  chlorite,  and  the  other  secondary  hydrous 
minerals  just  referred  to,  the  first  step  to  take,  after  abandoning  the 
weathering  theory,  would  most  naturally  be  an  examination  of  the 
possibility  of  serpentinization  by  deep-seated  agencies. 

The  very  facts,  however,  which  indicate  in  India  the  insufiiciency  of 
weathering  to  account  for  serpentine  masses,  point  to  quite  a  different 
conclusion  ;  and  until  these  facts  have  been  shown  to  be  purely 
local  and  exceptional,  or  until  they  are  proved  to  be  necessary 
accompaniments  of  somo  more  far-reaching  cause,  the  submarine 
theory  remains  as  the  first  and  simplest  inductive  inference.  Briefly 
the  facts  are  these  : — At  difterent  points  in  the  old  crystalline  land 
area  in  the  ^ladras  Presidency,  iMysore,  and  Coorg,  we  know  of 
more  than  a  dozen  occurrences  of  peridotites,  chiefly  dunites,  but  not 
a  single  mass  of  serpentine.  In  the  Andaman  Islands,  Burma, 
Kashmir,  Baluchistan,  and  near  the  North- West  frontier — areas  which 

*  Anier.  Jonni.  Sci.,  ser.  in,  vol.  \\  (1880),  pj).  331-2. 

^  *'  Coiisideratioiis  on  Volcanofs,"  1825,  pp.  120-7. 

3  *'  Ancunt  Volcanoes  ot  Gnat  Britain,"  1897,  vol.  i,  pp.  16,  17  ;   rol.  ii,  p.  189. 
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have  been  covered  by  Tertiary  marine  Bedimento — we  know  of  about 
the  same  number  of  peridotite  ooourrenoes,  which  are  all  highly 
■erpentinized.  Fresh  olivine  is  as  loarce  in  the  areas  which  have 
been  submerged  as  serpentine  is  in  the  old  crystalline  block  of 
Peninsular  India,  which  has  suffered  uninterrupted  subaerial  denu- 
dation since  at  least  Lower  Palsaozoic  times.  In  the  latter  area  it  is 
not  merely  the  dunites  which  have  escaped  hydration  ;  the  olivines 
of  the  basic  dyke-rocks  are  equally  fresh.  If  serpentinization  is  due, 
as  Professor  Merrill  suggests,  to  waters  or  vapours  coming  from 
oonsiderable  depths,  it  is  difficult  to  see  why  these  rooks,  erupted  at 
different  times  and  in  well-separated  localities  in  Peninsular  India, 
should  universally  escape,  whilst  in  the  other  areas  mentioned,  also 
widely  separated  by  great  distances,  serpentinization  should  be  so 
constant  With  evidences  of  the  action  of  deep-seated  vapours  in 
other  ways  in  Peninsular  India,  the  value  of  this  point  becomes 
accentuated.  Besides  olivine,  other  minerals,  notably  nepheline,  are 
remarkably  free  of  hydration  in  the  Madras  Presidency. 

It  was  pointed  out  at  Bristol  that  whilst  fresh  peridotites  occur  in 
a  moist  warm  climate  exposed  to  heavy  rainfall,  serpentines  are 
found  in  Ihe  dry  deserts  of  Baluchistan,  and  Professor  Merrill  has 
now  produced  similar  evidence  from  America  to  show  that  the 
distribution  of  serpentine  and  of  unaltered  olivine-rock  does  not 
coincide  with  any  general  difference  of  climate.  On  the  other  hand, 
the  areas  containing  serpentine  have  been  submerged  below  the  sea, 
whilst  those  in  which  fresh  peridotites  occur,  so  far  as  we  know, 
never  have  been.  The  first  inference  is  obvious,  and  the  next  duty 
ia  to  discover  if  these  circumstances  in  India  are  merely  local 
accidents  or  in  general  agreement  with  the  evidence  obtained  in 
other  parts  of  the  world.  For  this  we  must  await  the  testimony 
of  geologists  who  possess  the  necessary  local  knowledge. 

By  his  reference  to  the  fresh  condition  of  the  olivine  in  the 
Corundum  areas  of  western  North  Carolina,  Professor  Merrill  cites 
a  case  which  appears  to  be  in  agreement  with  our  observations  in 
India.  The  crystalline  belt  which  runs  N.E.-S.W.  through  North 
Carolina  is  one  of  the  few  persistent  sturdy  old  blocks  of  crystalline 
rocks  which  have  been  unaffected  by  late  earth  movements.'  It 
apparently  formed  the  south-ecistern  boundary  of  the  old  Palseozoic 
seas,  and  suffered  a  marine  trespass  only  on  its  eastern  borders 
daring  the  Mesozoic  and  Tertiary  times.'  The  distribution  of  the 
marine  sediments  and  the  principal  directions  of  folding  indicate 
that  this  crystalline  *  Scholle,'  to  quote  Suess'  terminology,  presents 
to  the  Appidachians  a  relation  similar  to  that  holding  between  our 
Peninsular  'Vorland'  and  the  Himalayas.  Here  we  have  the 
negative  side  of  the  argument  —  in  an  area  not  known  to  be 

^  This  belt  has  been  the  only  serious  rival  with  which  Peninsular  India  has  had  to 
compete  in  the  mica  market,  and  the  presenration  of  large  sheets  of  delicate  muscovite 
in  coarse-grained  pegmatite  is  generally  a  safe  index  of  geological  stability  and 
quiescence. 

3  See  Dana's  *'  Manual  of  Geology,"  4th  ed.  (1895),  pp.  412,  443, 536, 633,  735, 
813,  and  881. 
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Bnbmerged    BiDcie    the    eruption    of    the    peridot! tes    no    general 
serpen tiniKation  Leis  ocourred. 

But  the  area  mentioned  by  Professor  Merrill  offers  positiTB 
evidence  also  in  agreement  with  the  facte  detailed  for  India: — Th« 
peridotitcB  of  western  North  Carolina  lie  in  a  chain  of  ench  emptioni 
whose  outcropN  occur  at  irref^ler,  but  frequent  intervals  along  a  i 
narrow  belt,  stretching  from  Tallapoosa  County  in  eastern  Ceotnl 
Alabama,  on  the  gouth-west,  to  Trenton,  Kew  Jersey,  on  the  north- 
east, whilst  fewer  outcrops  are  recorded  further  northwards  in  the 
states  of  Vermont,  New  York,  C-onnecticut.  Massacbu setts,  New 
Hampshire,  and  Maine.  In  a  paper  on  the  Chromite  of  North 
Carolina,  Dr.  J.  H.  Pratt.'  referring  to  this  belt  of  peridotites.  says: 
"  In  North  Carolina  and  in  tbe  mora  southern  portions  of  tbis  belt 
the  prevailing  rock  is  dunite,  while  to  the  northern  portion  the 
secondary  rooks,  serpentine  and  talo.  are  prominent,"  Now,  it  Is 
in  the  region  of  North  Carolina  that  tbe  crystalline  hiatus  is  widest, 
whilst  as  (he  belt  is  followed  in  tbe  nortb-east  direction,  tbe  Triossit^ 
Cretaceous,  and  Tertiary  sediments  are  seen  to  encroach  on  tfaa 
crystalline  rucks,  and  to  converge  to  the  old  Paleozoic  boundary  of 
the  Appalachians,  until,  in  Maryland  and  New  Jersey,  there  is  fair 
evidence  to  show  that  the  crystalline  rocks  have  been  submerged 
more  tban  onoe  since  the  commencement  of  Triassic  times.' 

As  many  of  these  peridotite  intrusions  are  found  in  contact  with 
crystalline  r^cks  only,  tbeir  precise  geological  age  is  not  known. 
But  this  and  the  txact  value  of  such  evidence  can  be  discussed  with 
profit  only  by  tbe  geologists  possessing  the  necessary  local  knowledgs^ 
This  opportunity  might  be  taken  to  subpcena  the  Scandinavian  and 
Canadian  geologists,  wbo  are  familiar  with  old  crystalline  land  areas. 
One  knows  through  Brogger'  of  the  remarkably  fresh  olivine-rook 
of  Sondmore  in  Norway,  which  is  not  apparently  near  any  marine 
sediments,  though  suspiciously  near  the  ooast.  The  opbicaloites  and 
serpentines  of  the  old  schists  would  naturally  be  excluded  from  this 
discussion,  as  they  would  iuvolve  questions  of  origin  far  men 
complicated  than  that  of  simple  serpen tinization.  Still,  even  they 
are  auspiciously  assooiated  with  limestones. 

Old  serpentines  are  known  in  the  Lake  of  the  Woods  and  Rainy 
Lake  areas  of  Canada  to  be  older  than  tbe  folding  of  the  Keewatins 
(LawBon) ;  with  the  Cambrian  and  Cambro-Silurian  of  the  Eastern 
Townships  of  Quebec  (Ells)  ;  and  with  altered  volcanio  rooks  in  tbe 
lower  part  of  the  Carboniferous  of  the  Earaloops  region  (Dawson). 
Bat  I  can  recall  no  instance  of  a  distinctly  eruptive  peridotite  in  th« 
portions  of  the  old  Canadian  crystalline  protaxis  which  are  not 
corered  by  marine  sediments.  The  Canadian  geologists  will  bo 
able  to  teU  as  whether  snoh  exist,  and  to  what  degree  they  have 
been  altered.  The  crystalline  rocks  of  Canada  have  also  been  cut 
by  basic  dykes,  and  it  would-be  interesting  to  know  if  the  olivine 

'  Traiu.  Amer.  Inat.  Mining  En^neers,  Feb.,  1899 ;   see  slu  literature  thsTMB 
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erystals  whiob  ooour  in  some  of  these  are  slightly  or  extensively 
serpentinized,  and  whether  also  the  reoently  discovered  nepheline- 
«yenitea  of  Ontario,  which  are  old  enough  to  be  crushed  and  foliated, 
contain  fresh  or  altered  nepheline. 

"  Jost  what  would  be  the  effect  of  prolonged  submergence  in  sea- 
water  on  a  mass  of  olivine  rock,"  Professor  Merrill  is  not  prepared 
to  say.  Neither  am  I.  But  I  see  no  flagrant  theoretical  objection 
to  serpentinization  under  such  conditions.  On  the  contrary,  it  is 
theoretically  to  be  expected  that  sea-water,  acting  under  high 
pressure,  would  permeate  rocks  to  greater  distances/  and,  being 
charged  with  carbonic  acid  as  well  as  salts  of  lime,  magnesia,  and 
the  alkalies,  would  form  a  more  destructive  reagent  than  rain-water 
when  in  contact  with  unstable  silicates. 

It  is  easy  to  foresee  many  difficulties  which  must  be  met  should 
the  submarine  theory  attain  a  maturity  that  warrants  deductive  tests. 
At  present  it  has  not  reached  that  stage ;  for  although  the  evidences, 
both  positive  and  negative,  from  India  indicate  that  a  submarine 
existence  has  formed  part  of  the  history  of  every  mass  of  serpentine, 
it  will  require  the  testimony  of  other  areas  to  show  that  such 
submarine  conditions  are  essential  for  serpentinization  on  an  extensive 
«cale. 

In  conclusion,  it  should  be  stated  that  Professor  Merrill's  paper  has 
drawn  me  into  this  discussion  earlier  than  was  anticipated.  Although 
the  question  has  been  under  consideration  for  some  years,  the  facts, 
no  far,  at  my  disposal  warrant  no  further  deductions  than  those 
tentatively  offered  for  discussion  at  the  meeting  of  the  British 
Association.  Keeping  in  view  the  fact  that  a  mineral  may  be 
produced  by  more  than  one  of  the  ways  into  which  we  classify  the 
processes  going  on  in  Nature,  recent  observations  indicate  a  fairly 
•definite  classification  of  the  usual  conditions  under  which  secondary 
hydrous  minerals  are  produced.  Until  these  are  established  with 
more  certainty,  however,  the  formulation  and  definition  of  precise 
general  terms  might  profitably  be  replaced  by  the  accumulation  of 
details  concerning  the  paragenesis  of  each  mineral. 

IV.  —  Thb   Htraooid    Pliouyrax  qrjecus  (Gaudby)    from    the 
Uppkb  Miookne  of  Samos  and  Pikebmi. 

By  C.  I.  FoiisYTH  Majok,  M.D.,  F.Z.S. 

(PLATE  XXIV.) 

AMONQST  the  hosts  of  Antelopes,  Rhinoceroses,  Hipparions,  etc., 
which  form  the  bulk  of  the  Pikermi  fauna  described  in  Qaudry's 
-classical  "  Animaux  Fossiles  et  Geologic  de  I'Attique,"  the  mandible 
of  Lepiodan  graeus,^  with  lower  molars  recalling  the  Palasotheres 
«nd  Paloplotheres,  seemed  to  stand  out,  as  it  were,  as  an  anachronism. 
It  has  always  appeared  to  me,  as  it  may  also  have  to  others,  that 
the  occurrence  of  such  a  type  in  the  above  company  (with  which 

'  Cf.  J.  D.  Dana,  Amer.  Joum.  Sci.,  yoI.  xlix  (1846),  pp.  57  and  58. 
'  A.  Gandry :    <*  Animaux  Fossiles  et  G6ologie  de  rAttique,*'  1862,  p.  215« 
pi.  xxxiv,  figs.  I,  2. 
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Orycteropas  tmi  the  Ostricb  are  also  associated,  in  tLe  coDteiiiporan 
beds  of  Samoe)  might  be  aoooiinteil  for  in  a  satisractory  tudnner,  if 
Leptodon  oould  be  shown  to  be  relat«d  lo  the  tlyrtices.  Agsintt 
such  a  relationship  is  opposed  the  iiirge  beet  of  the  Leptodon't  lut , 
molar ;  so  that  an  affinity  with  Tilanotlieritim,  as  suggested  bj 
SohloBser  and  Von  Zittel,  aeonied  to  bo  more  probable. 

The  ekull  in  the  Geological  Deparlmeot  of  the  Grittiib  MnHeunt 
(No.  M  5,419).  briefly  noticed  by  ine  in  last  montb'it  Ggolooical 
MAaAZiNE  (p.  507),  was  received  from  a  denier,  luhelled  Rhiaoetrtt 
jiaehyijiiathiii'.  Wago.,  and  determined  by  me  as  Leptodon,  for  tli4 
reason s  stated  in  my  notioe. 

The  skull  is  represented  on  PI.  XXIV,  Fig.  1 ,  of  half  natuvBl  size, 
left  side  view.  The  right  side  is  damaged,  ami  the  anterior  extremity, 
as  seen  from  the  figure,  is  wanting.  The  outline  of  the  po8t«rior 
part  is  misleading,  as  it  seeaiH  to  represent  the  contour  of  the 
oooiput ;  this  is  due  to  the  objectionable  praolioe  of  shaping  the 
matrix  where  the  boue  is  absent,  so  as  to  make  the  specimen  appear 
more  perfect;  the  fossil  was  received  in  this  state.  What  appears 
aa  the  poatero- inferior  angle  of  the  skull  is  the  poat-glenoid  process. 
Oa  tbc  upper  side  of  the  skull  the  posterior  part  of  the  froutola  and 
the  upper  parts  of  the  parietals  are  missing,  but  the  uialnx  beneath 
ia  preserved  almost  intact,  so  as  to  compeDsate  partly  for  the  missing 
bone.  Temporal  crests  are  thus  seen  lo  have  been  present,  and 
these,  starting  from  the  posterior  margin  of  the  orbits,  and  oon- 
vergin^;  backward,  unite  to  form  a  sagittal  crest,  at  a  point  situated 
approximately  above  the  anterior  border  of  the  glenoid  articulation. 

The  orbits  are  couiparatively  small,  closed  behind,  situated  high 
up  and  far  backward  (above  m.  3). 

The  zygomata  are  very  high  throughout,  short  and  strongly 
arched ;  their  shortness  backward  from  the  orbit  is  of  course  in 
relation  with  the  latter's  posterior  position. 

The  infraorbital  foramina  are  situated  far  backward,  their 
posterior  margin  corresponding  to  the  anterior  part  of  m.  I.  Tb» 
bony  palate  is  prolonged  posteriorly  beyond  the  molar  series,  so  that 
the  anterior  border  of  the  ehoaaa  is  situated  about  2S  mm.  behind 
a  line  uniting  the  posterior  ends  of  the  two  m.  8. 

The  true  molars,  which  are  considerably  worn,  present  th» 
following  characteristic  features: — 

First  of  all  the  great  elongation  of  m.  3,  due  to  an  additional  third 
lobe,  a  sort  of  posterior  heel.  A  oommon  feature  of  the  three  tru« 
.molars  is  the  strong  development  of  the  outer  ousps,  numbered  1  and 
2.  The  molars  also  appear  to  be  less  lophodont  than  we  shall  find 
to  be  the  case  in  recent  Hyraoidte  ;  although  much  worn,  they  show 
traces  of  two  cusps  on  the  inner  side.  The  oonformation  of  the 
external  parts  of  m.  1  and  m.  2,  showing  only  two  protubeiauoes  or 
ousps,  separated  by  a  fold,  is  at  first  somewhat  puzzling,  and 
neoeseitates  my  entering  into  some  further  partioulan.  The  outer 
part  of  upper  molars  of  Ungulala  being  represented  by  a  grsater 
number  of  cusps,  the  quesliou  is,  which  cusps  are  missing  in  these 
inuoh  worn  molar*. 
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So  far  back  as  1873  I  desoribed  the  outer  parts  of  upper  molars  as 
being  oomposed  of  six  ousps,  which  in  my  figures  were  designated 
by  the  letters  a,  b,  e,  d,  e^  f,  proceeding  from  before  backward,  and 
I  added  that  all  the  differences  were  to  be  traced  back  to  the 
respeotive  position  of  these  six  parts  to  each  other  and  to  their 
relative  development*  When  criticizing  these  views,  Schlosser 
maintained  that  a,  e,  d,  and /are  not  essential  parts  of  the  tooth, 
but  mere  secondarily  developed  crests  or  tubercles.'  However,  as 
Winge  had  shown  in  the  meantime,  in  such  low  mammals  as 
Insectivora  and  Polyprotodont  Marsupialia,  these  cusps  are  arranged 
in  two  longitudinal  series,  much  more  independent  of  each  other 
than  in  higher  Mammalia.  He  admits  five  cusps,  and  numbers  them 
from  before  backward  1,  2,  3,  4,  5;  cusp  2  corresponding  to  my 
«,  d.  The  first  three  (1,  2,  3)  form  the  outer,  the  latter  two  (4,  5) 
the  inner  series,  and  he  further  states  that  the  former  are  the 
original  three  cusps  of  the  Mammalian  molar,  the  homologues  of 
the  three  cusps  of  Trioonodonts.'  At  any  rate  they  are  remarkably 
developed  in  several  upper  Cretaceous  Mammalia  from  the  Laramie.^ 
According  to  the  nomenclature  of  Osborn,  who  in  his  turn  considers 
the  outer  cusps  (-styles)  as  secondary  formations,  the  five  cusps  are, 
always  proceeding  from  before  backward,  the  parastyle,  paraoone, 
mesostyle,  metaoone,  metastyle,  or,  considering  their  arrangement  in 
two  longitudinal  series:  parastyle,  mesostyle,  metastyle  (outer  series) ; 
paraoone,  metaoone  (inner  series). 

In  Ungulates  these  different  parts  are  connected  together,  so  that 
the  tooth  presents  a  W-shaped  outer  wall,  usually  shallow. 

F.  M.  (1873).  Winge  (1882).  Osborn. 

rrf.  J'       1  2.  A         /tMtras/S^e.    nuiftK^ft^     Titt&u^ik 


jitOMUvne. 


^ftaixtoc>f€m 


The  more  a  tooth  is  hypselodont,  the  more  its  outer  wall  becomes 
fattened,  and  the  folds  dividing  the  cusps  tend  to  disappear;  as 
may  be  seen  by  comparing  my  figures  of  brachyodont  (Figs.  4,  5) 
with  those  of  hypselodont  (Fig.  3)  Hy races,  in  which  I  have  adopted 
Winge's  mode  of  numbering  the  cusps.     In  the  brachyodont  teeth 

1  and  2  are  very  prominent,  and  in  both  brachyodont  and 
hypselodont  Hy races  the  fold  dividing  2  and  5  is  particularly  shallow, 
and  tends  to  disappear  in  the  course  of  wear,  at  an  earlier  date  in 
hypselodont,  very  late  in  brachyodont  Hyraoes ;  so  that  very  often 

2  and  5  become  fused  together,  as  is  the  case  in  m.  1  of  Fig.  3  (in 
the  figure  this  fusion  is  not  so  apparent  as  in  the  original).  The 
final  result  is  that  in  worn  molars  the  fold  between  4  and  2  seems 
to  divide  the  outer  wall  of  the  tooth  in  two  equal  halves ;  but  the 

^  PalfiBOxttographica,  vol.  xxii  (1873),  p.  101,  pi.  yL 

*  Morphol.  Jahrb.,  xu  (1887),  p.  102. 

*  Vidnuk.  Meddel.  Naturh.  Foren.  Kjobenhavn,  1882,  p.  15,  pi.  iii. 

^  H.  F.  Osborn,  **  Fossil  Mammals  of  the  Upper  Cretaoeous  Beds'* :  Amer.  Mas. 
Nat  Hist,  and  Art,  yoI.  xvii  (1898),  pi.  viii. 
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less  worn  teeth  show  that  in  reality  the  part  of  the  outer  wall 
anterior  to  the  fold  mentioned  is  composed  of  two  casps,  4  and  U 
the  part  posterior  to  it,  of  three  cusps,  2,  5,  and  3. 

The  foregoing  statement  already  partly  disposes  of  the  alleged 
close  agreement  between  upper  teeth  of  hypselodont  Hyraoes  and 
those  of  Rhinoceridse,  which  has  been  repeatedly  maintained ;  it 
has  even  been  said  that  the  former  have  "the  same  pattern  as 
those  of  Bhinoceros.**  The  Bhinoceridsd  (and  HyracodontidsB)  werS' 
characterized  by  Cope  as  having  the  ''  anterior  exterior  orescent  of 
superior  molars  more  reduced."  ^  Osbom  has  more  precisely  defined 
this  character  of  Khinoceridsd  by  stating  that  "  the  character 
separating  the  Bhinooeroses  from  all  other  lophodonts  is  the 
asymmetry  of  the  external  cusps,  the  metacone  being  longer  than 
the  paracone " ;  and  he  adds  besides  that  the  anterior  lobe  arises 
from  the  apex  of  the  paracone,  just  as  the  posterior  lobe  arises  from 
near  the  apex  of  the  metacone.^ 

A  notable  diffei*enoe  between  the  upper  molars  of  Hyracidie  aod 
Bhinooeridee  is  the  absence  of  cusp  2  (mesostyle),  and  the  fusion 
of  cusp  3  with  the  metacone  in  the  latter,'  which  accounts  for  the 
'*  elongation  of  the  metacone,"  and  the  asymmetry  of  the  remaining 
external  cusps.  This  asymmetry  is  due  besides  to  the  ciroumatanoer 
that  cusp  4  (paracone)  projects  more  outwards  than  5,  whereas 
even  in  those  Hyracidsd  in  which  2  becomes  fused  with  5,  no 
asymmetry  is  the  result. 

I  find  that  the  teeth  of  both  hypselodont  and  brachyodont 
Hyraoes  have  the  same  pattern ;  the  only  difference  being,  as  already 
mentioned,  that  the  outer  wall  of  the  former  has  all  the  cusps  and 
the  intervening  folds  so  reduced  that  its  contour,  instead  of  having 
the  shape  of  a  shallow  W,  as  in  the  brachyodont  teeth,  represents 
a  slightly  undulated  longitudinal  line.  Besides,  there  are  species 
of  Hyracida>  which  are  semi-hypselodont,  being  neither  brachyodont 
nor  hypselodont.* 

As  regards  the  transverse  crests  or  lobes  in  the  upper  teeth  of 
Hyracidae,  unworn  teeth,  whether  brachyodont  or  hypselodont,  show 
each  of  the  two  crests  incompletely  divided  into  two  cusps,  the 
outer  smaller  ones  being  apparently  the  intermediate  conules ;  these 
very  soon  become  fused  with  the  inner  cusps  so  as  to  form  the 
crests.      In  unworn  teeth  the  inner  cusps  almost  touch  the  outer 

^  Bull.  U.S.  Oeul.  Geoi^.  Surv.,  vol.  v  (1879),  p.  228  ;  Am.  Xatur.,  vol.  \iii 
(1879),  p.  771r/. 

2  II.  F.  Osborn,  *'  The  Extinct  Rhinoceroses"  :  Mem.  Amer.  Nat.  Hist.,  ser.  i» 
vol.  iii  (1898),  pp.  87,  88. 

"*  There  is  a  trace  of  it  in  some  ot  the  Oliirocene  Rhinoceroses,  as  shown  in 
Osbom's  ficrures  ot  Artratheiiinn  occUh'ntole  and  A.  hidacttflumy  op.  cit.,  p.  109. 

*  Other  characttrs  also,  which,  like  those  relerred  t(»,  have  been  made  use  of  for 
dividing  the  IIyracid:e  into  two  or  three  j^enera,  prove  not  to  be  constant.  Thus, 
a  very  competent  writer,  who,  as  a  rule,  at  least  of  recent  years,  is  not  particularly 
coy  when  it  c«>me<  to  the  splitting  ot  genera  or  species,  has  **  come  to  the  conclusion 
that  it  is  better  on  the  whole  to  recognize  only  a  single  genus  for  the  whole  of  the 
Hvraces."  (O.  Thomas,  "On  the  Species  of  the  Hyracoidea  *' :  P.Z.S.  London^ 
1892,  p.  52.) 
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wall  (Fig.  4),  and  at  an  early  Btage  of  wear  (Fig.  5)  they  become 
faaed  with  the  loner  part  of  ousps  4  and  5  respectively,  while  the 
intermediate  connlee,  the  oater  cusps  of  the  crests,  tend  respectively 
towards  cusps  1  and  2  of  the  outer  wall  (Fig.  4)  and  become 
ultimately,  in  their  turn,  fused  with  them  (Figs.  5  and  3). 

When  comparing  our  figures  of  the  Hyrax  teeth  with  the  diagram 
of  a  BkinoeeroB'\oo\h  ^  it  becomes  apparent  that  in  the  latter  each 
oieet  nnitee  with  the  outer  wall  in  one  place  only,  and  this  fusion  is 
as  a  rule  brought  about  by  those  parts  of  the  crests  which  correspond 
to  the  intermediate  conules.' 

The  upper  cheek  teeth  of  Hyraces  exhibit  besides  an  anterior  and 
a  posterior  basal  oingulum,  and,  less  frequently,  an  outer  one  also. 
All  these  secondary  parts,  including  the  last  one,  are  represented  in 
the  molars  of  Pliohyrax  (Fig.  2).  The  main  differences  between 
the  fossil  and  the  recent  teeth,  apart  from  the  complication  of  the 
fossil  m.  3,  are  the  following :  (1)  The  fossil  teeth  are  more  buno- 
dont ;  for,  as  far  as  their  worn  condition  permits  us  to  judge,  the 
inner  cusps  remained  independent  for  a  longer  time  than  in  recent 
Hyraces  (compare  Fig.  2  with  Fig.  3).  (2)  In  the  fossil  teeth  the 
outer  cusps  (1  and  2),  especially  the  latter,  Osborn's  mesostyle,  are 
more  prominent  than  in  Hyraces.  Both  these  characters  point 
towards  a  more  primitive  condition  of  the  fossil  teeth. 

MSASURBMBXTS. 

mnu 

Length  of  the  three  true  molars  in  the  middle  line 94 

Breaoth  of  skull  from  sagittal  suture  to  outer  margin  of  orbit  (the  greatest 

breadth  of  the  skull  would  therefore  be  approximately  210 mm.)      ...  105 
Breadth  of  skull  between  posterior  external  margins  of  the  infraorbital 

foramina   ...        ...        ...        ...        ...        ...        ...        ...        ...  90*«'> 

Breadth  of  palate  between  anterior  purts  of  m.  1     45 

Maximom  of  vertical  height  of  orbit  43 

liOOg  axis  of  same       46 

Height  of  zygoma  below  orbit  ...  48 

From  posterior  upper  margins  of  infraorbital  foramen  to  anterior  margin 

"» oron      ...         ...         ...         ...         ...         ...         ...         ...         ...  "»' 

The  addition  to  our  knowledge  of  the  genus  *  Lepiodant*  due  to  the 
skull  in  the  British  Museum,  does  not  bring  us  nearer  to  the 
Hyracidffi  than  the  mandible  described  by  Gkiudry ;  for,  besides  some 
ditferences  pointed  out  in  the  molars,  the  recent  Hyraces  differ  in 
their  skull  from  the  fossil — (1)  by  comparatively  larger  orbits, 
situated  at  a  lower  level,  and  not  so  far  backward  as  in  the  latter ; 
(2)  by  the  anterior  border  of  the  orbits  being  situated  either  above 
the  anterior  margin  of  the  posterior  premolar  (p.  1),  or,  in  the 
species  with  smaller  cheek  teeth,  even  above  the  anterior  part  of 
p.  2 ;  (3)  by  the  more  anterior  position  of  the  infraorbital  foramina ; 

>  Osbom,  op.  cit.,  p.  87,  fig.  5. 

*  It  seems  probable  that  what  is  called  *  crochet  *  in  the  Ithinoeeroi'iooih  is  thu 
homologue  of  the  posterior  intermediate  cusp  (metaconule) ;  therefore,  in  those  teeth 
in  which  the  crochet  is  present  as  such,  the  inner  cusp  of  the  posterior  lobe  (hypo- 
eone)  would  appear  to  join  directly  the  outer  wall. 
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(4)  by  tlie  bony  palate  not  being  prolonged  bocVward  beyond  Iha 
molar  aeries. 

A  cbaraol eristic  feature  of  the  Hyraoes  is  revealed  by  b  second 
akutl  from  Samos,  nhioh  found  its  way  to  the  Stuttgart  Maseum, 
and  haa  been  described  and  figured  by  Osboi'n.'  "The  relationsliip 
of  Pliohyrax  to  Ifyrax  is  ...  .  obvious  in  the  enlarged  pair 
of  incisor  teeth  and  in  the  lophoselenodont  structure  of  the  molar 
teeth,  which  chatncters  reKpectively  determine  its  suborOinal  and 
ordinal  positioti." 

In  the  side  view  of  the  Stuttgart  skatl,'  drawn  from  a  photograph, 
the  infraorbital  foramen  appears  to  ooeupy  the  same  position  as  in 
the  cranium  of  the  specimen  iu  the  British  Museum.  In  the  portion 
situated  behind  the  foramen,  I  am  quite  unable  to  distinguish 
between  what  is  bone,  what  is  matrix,  and  what  may  be  artificial 
Mulpturing  of  the  latter.  The  only  reference  to  this  part  in  the 
text  is  the  statement  on  p.  172,  of  "the  elevated  position  of  the 
orbits,"  wherein  we  have  a  further  agreement  with  the  BriKah 
Museum  skull.  A  third  point  in  which  the  Stuttgart  fossil  agrees 
with  that  of  London  is  "the  extreme  backward  extension  of  the 
posterior  wares." 

The  antemolars  cannot  be  compared,  the  only  premolar  preserved 
in  the  British  Museum  skull  (p.  1)  being  considerably  damaged 
and,  besides,  out  of  position  (the  inner  side  is  turned  outwards). 
However,  its  molariform  pattern  and  the  presence  of  cnap  2 
(Inesostyle),  as  descriijed  by  Osboni  in  p.  1  from  Stuttgart,  are 
clearly  discernible.  Of  p.  I  and  p.  2  the  same  writer  says,  that 
they  "  present  on  inward  and  backward  cingular  extension  of  tli« 
protoloph  which  may  be  a  apecifio  character."  The  same  may  bo 
seen  in  much  worn  premolars  (and  molars)  of  reoent  Hyraoes,  th« 
explanation  being  that  the  oingulam  cusp  at  the  opening  of  tbft 
great  inner  fold  becomea  fused  with  the  anterior  lobe. 

Owing  to  the  had  preservation  of  the  true  molare  in  the  Stuttgart 
cranium  little  information  could  be  gathered  from  them,  but  this 
agrees  also  with  the  specimen  in  the  British  Uuaeiim.  "The 
molars  increase  in  siie  posteriorly,  and  are  extended  well  back 
behind  the  junction  of  the  zygomatic  aroh  with  the  faoe.  ... 
In  the  first  superior  molar  ...  a  prominent  mesostyle  is  seen 
separating  the  external  lobes,  and  these  are  of  the  lopboselenodont 
type  of  Palaotherium  and  Hyrax." ' 

Osbom    is   of    opinion    that    PUohyrax   may    possibly    be    the 
representative  of  a  new  family  of  the  Hyraooidea,  a  view  whioh  i> 
rather  corroborated  than  not  by  the  additional  information  obtained 
from  the  British  Museum  skull. 
,  The  collection  from  Samoa  in  the  Munich  FalsMotologioal  Hosenm 


■  H.  F.  Osbom, "  Od  Flhhyrax  Krvppii,  Osbom,  a  fossil  H^nLcoid,  from  SamM, 

nrer  PlioceDS,  in  tlifl  Statli^  Collsction.     A  new  type,  and  the  fiist  known 

Tertiirf  ByrEooid  ":    Froc.  Fourth  Intenwt.  Cong.  Zooiog;,  Cunbridge,  21-37 


•  Op.  cit.,  pi.  ii,  fig.  1. 

•  Op.  dt,  p.  173. 
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has  yielded  to  Sohlosaer  ^  an  almost  complete  lower  jaw,  whioh  he 
identifies  as  being  of  the  same  species  with  the  skull  in  the 
Stuttgart  Museum,  and  he  even  believes  that  both  may  belong  to 
the  same  specimen.  While  referring  the  reader  to  Schlosser's 
description  of  the  conformation  of  the  lower  premolars,  canine,  and 
incisors,  and  to  Osbom's  figure  (pi.  ii,  fig.  3)  of  the  upper  ante-molars, 
I  wish  to  recall  the  fact  that  from  the  conformation  of  the  anterior 
lower  premolar  of  his  Zeptodon  grecus,  Gaudry  had  already  rightly 
<x>ncluded  that  the  lower  canine  "  a  dH  6tre  en  contact  avec  la 
premiere  pr6molaire  et  avoir  une  faible  dimension."'  This 
4X>nclusion  has  been  fully  borne  out  by  Schlosser's  discovery  of  the 
Samoa  mandible. 

From  what  has  been  ascertained  by  these  successive  discoveries, 
it  is  now  satisfactorily  established — (1)  That  the  four  fossils  in  Paris, 
Stuttgart,  Munich,  and  London  belong  to  a  single  genus ;  the  name 
X^^iodon  being  preoccupied,  as  was  pointed  out  to  me  by  Mr. 
Lydekker,  it  will  have  to  be  known  as  Pliohyrax.  (2)  Tliat  the 
mandible  from  Pikermi  in  the  Paris  Museum  and  the  skull  from 
Samoa  in  the  British  Museum  are,  moreover,  the  same  species, 
PUohyrax  graeus  (Gaudry).  (3)  The  mandible  at  Munich  and  the 
skull  at  Stuttgart,  both  from  Samoa,  have  been  shown  by  Schlosser 
to  be  the  same  species. 

Whether  all  four  fossils  are  one  and  the  same  species,  may 
be  decided  when  exact  measurements  of  the  Stuttgart  skull  are 
available.  M.  1  of  the  London  and  the  same  tooth  of  the  Stuttgart 
specimen  are  approximately  of  the  same  size ;  but  the  skull  of  the 
latter  seems  to  be  somewhat  smaller.  This  may  be  due  either  to 
individual  or  to  sexual  variation ;  1  have  in  my  first  note  pointed 
cot,  that  the  shape  of  the  large  incisors  in  the  Stuttgart  fossil 
exhibits  a  greater  agreement  with  the  incisors  of  female  Hyraces 
than  with  those  of  male  specimens. 

EXPLANATION  OF  PLATE  XXIV. 

Fie.  1. — Fliohffrax  gr€tcu9  (Oaadry).     Brit.  Mas.,  No.  M  5,419.     Side  view  of 

cranium.    }  nftt.  size. 
Fie.  2. — ^Left  upper  true  molars  of  same.    Nat.  size. 
Fig.  8. — Froeavia  eapensi*  (Pall.).    First  and  second  left  upper  true  molars  (m.  1, 

m.  2).    2  X  1. 

Fig.  4. — Froeavia  donalit  (Fraser).    First  left  upper  true  molar  (m.  1),  very  slightly 
worn.    2x1. 

Fio.  5. — Ptoeavia  dorsaiit  (Fraser).    First  left  upper  true  molar,  more  worn  than  in 
tiie  specimen  Fig.  4.    2x1. 

.. 
^  M.   Schlosser,  "  Uber  neue  Funde  von  Leptodon  graetu^  Gaudry,  und  die 

tfystematische  Stellnng  dieses  Saogethieres "  :  Zool.  Anz.,  xxii,  pp.  378-80, 
386-7  (1899). 

'  A.  Qaudry,  op.  cit.,  p.  215. 
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V. — Note  os  Aumoxites  calcab,  Zieten 

By  G.  C.  t'uicK.  F.a.S.,  of  the  Britiali  Museum  (Kataml  Higtorj). 

N    his    work '    entitled    "  Die    Yersteineningen    Wiirtembergs" 


C.  H.  V.  Ziet«n  figured  and  briefly  deecribed '  a  Bpeoiea  under  the 
name  AmnouHet  oalcar.  The  description  is  aa  follows; — "Biioken 
gewolbt,  Uiiokenlinie  spornradfiirmig  gezackt;  er  hat  in  dem  B«t 
seiaer  Kippen  und  dem  erhuhten  Saum  seiner  Windangeii  grosse 
Aehulichkeit  mit  dem  vorhergeheodea  [i.e.  .i4minontle»  biparlilm, 
Zieten],  unterseheidet  aich  jedooh  von  itim  sogleick  duroh  aeine 
einfach  gestickte  Riickenlinie.  Aus  dem  untern  OoHth  bet 
Guttenberg," ' 

la  the  same  work  be  also  figured  a  species,  whioh  he  named 
Aminonilet  biparlittie  *  and  characterized  in  the  following  terms : — 
"  Kucken  flach,  Sipho  dai-auf  sehr  wenig  vorstehend,  zwiscbon  zwei 
Reiben  sohriig  gegeu  einander  iiberst«header  ZiibDe  ;  die  innem 
Windungen  voa  den  iiussereu  stark  bedeokt,  deren  Mitte  aof  der 
Soite  dutch  einen  erhiihten  Saura  gelheilt  echeint,  an  desaen  inneron 
Seile  sich  die  Rippeo  einfiich  in  spil^gen  Winkein  anlegen,  von 
seiner  iiusHeren  Seite  dagegen  doppelt  bia  zu  den  Zahnea  seines 
Randea  hinlauren.     Aua  dem  untern  Oolitb  unweit  Gattenberg." 

In  the  Briliab  Museum  (Natural  History)  collection  [Register  No- 
37,670]  there  is  an  example  (see  Fig.  1)  of  Zielen's  AmmotuU* 
eahay,  which  bears  a  label  to  the  following  effect  in  ibe  band- 
writing  of  Dr.  Bruckraann,  from  whom  the  specimen  W£is  obtained  : — 
"Animoniles  oat'iar,  Ben/.|Zieten.  Aiisaerst  selten.  1st  naich  Quenatedt 
ein  kranker  bipartittu.  Brauner  Jura  ^,  Gamelsbausen."  Oa  the 
label  there  has  been  written  in  pencil,  in  the  aame  handwriting,  tbe- 
letters  "  [Dr.  0.],"  signifying  Dr.  Oppel,  as  I  have  been  able  to- 
ascertain  from  the  labels  aooompanying  other  spAoimena  in   tlw 

■  Thia  work  wax  iasued  betireen  1830  and  1834  in  twelve  porta  of  six  pUte«  each, 
SH  follows : — 

Heft     i.  1B30,  pp.    1-8,     pis, 

„       ii,  1830,  ,,     9-16,    ,, 

„      in,  1831,  „    17-24,     „  Xui-iTiii    1  ,.„„         ,,. 

„      iv,  1831,  ,.   26-32,    ,.         lii-iiiT   )    •■  •*  1833,  p.  UB. 

„       V,  1832,  „   33-40,    „        xjl^-ixj:    \  ,.,,   „   ,,, 

„      vi,  1832,  „   41-48,    „        iiii-iixri  |    "  "  ^'^^'  P"  "'■ 

„  viii,  1832,  ,.   57-64.  „  llm-llriii  f  "                "               1833,  p.  244. 

„  ii,  1833,  ,,   65-72.  ,.  ilii-liv      \                                     ,«,,  „  „,. 

„  «,  1833,  ,.   78-80.  „  Iv-Ii       J  "                "               1833,  p.  6M. 

„  -ti,  1833,  ,.  81-88,  „  ki-livi   -i 

(  pp.  97-102  )  .* 

•  Heft  iii.  1831,  p.  18,  pi.  xiii,  figs.  7",  *,  c. 

•  Zieteo  nttributM  the  species  to  '  Beaz.,'  but  rivea  no  reference  to  that  ■uthor. 
Frobablf ,  therefore,  Zieten  was  the  first  to  publish  a  deecription  of  the  speciei,  and 
unit  be  rrgarded  ee  its  author. 

•  HeCt  ill,  18S1,  p.  18,  pi.  liii,  figs.  Go,  6,  e. 
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Britiih  HnwDin  (Natoral  History)  that  wera  also  obtaioed  from 
Dr.  Bmokmaan,  Tbe  faot  that  the  "  apeoiea  "  is  very  rare  aad  that 
tbia  apeoiinftn  baa  been  Utwlled,  "  Am.  calear,  Zieten  (unique),"  and 
marked  "Zieten  oolL,"  at  onoe  auggeated  a  oomparison  of  tbft 
example  with  Zieten's  figure.  So  exactly  did  it  agree  with  Zieten's 
figure  that  I  waa  led  to  enquire  whether  Zieten'a  type-Bpecimen  wa» 
known  to  exiat  eUewhere. 


■"'^irwii^ 


FlO.  1. — Zieten's  type- specimen  of  Ammoiiif'i  taUar  [—  >  defunoed  eiampls  of 
Sonartllia  bicotlala,  Stahl,  xp.1.  a,  lateml  view  ;  b,  front  view,  Hhowing  the 
■ingle  row  of  tubertleit  nn  the  peripherji  and  the  asi-nimetry  ol  tbe  septal 
■nrfiee  ;  c,  peripheral  view,  nhowing  the  single  row'  of  tubercle*  oetir  the 
a  of  the  periphery  ;  il,  suture-line,  the  dotted  line  Denr  the  middle 
.  itiag  the  poiiition  of  the  aiugle  row  of  tubercles,  aad  the  short  curved 
9  at  each  end  lasrking  the  position  of  the  suture  of  the  shell.  Brown 
Jura  i  [Lower  Oifordian]  :  Gsmmelshansen,  Dear  Boll,  Wurttembelv. 
Drawn  of  about  twice  the  nntural  size,  from  the  sperimen  in  the  Britiah 
Mosenm  (Natural  Hislor})  coilectioa  [37,670]. 

In  one  of  his  papers  oa  "  The  Fossil  Cephalopods  of  the  Museum 
of  Comparative  Zoology,"  '  at  Harvard  College,  Cambridge,  Mass., 
Professor  Hyatt  refers  to"Bpecimen8  from  Zieten's  former  collection," 
which  were  sent  to  that  Museum  by  the  Uuseum  of  Stuttgart. 

Beplying  to  my  enquiries,  Dr.  E.  Froas,  of  Stuttgart,  very  kindly 
informa  me  that  there  are  only  a  few  of  Zieten'a  type-speoimens  at 
Stuttgart,  that  the  type-specimen  of  Ammonitei  calear  is  not  among 
them,  and  that  the  lai^  collection  there  does  not  contain  a  single 
speoimen  that  can  be  referred  to  that  'species.'  Ha  also  states  that 
he  doea  not  consider  Ammonitei  ealear  to  be  a  distinct  species,  bnt 
ft  deformed  example  of  some  other  species,  possibly  of  Ammonilet 
bipartitiu. 

ProfiBBBor  Koken,  of  Tubingen,  tells  me  that,  with  few  exceptions, 
'  Btdl.  Mus.  Comp.  Zool.,  vol.  i  (1BS4-6),  p.  79. 
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Zieten's  originals  are  not  in  Tiibingen,  but  that  the  collection  theit 
conlaine  the  two  examplea  of  Ammonites  ealear  figured  by  Qaensledt. 
According  to  Zieten'a  own  statement  on  tlie  title-pnge,  the  originali 
of  his  "  Versteinerungen  Wiirtembergs"  were  in  the  colleotioa  of 
Dr.  Hartmann.  in  Goppiiigen,  after  whose  death  they  pasaed,  aooorAior 
to  Professor  Koken,  into  the  hands  of  RrantK,  of  Bonn.  In  aU 
probability,  therefore,  the  speoimens  were  dispersed,  and  we  tbiok 
there  cau  be  no  doubt  whatever  that  the  example  now  in  tbe  Britiik 
Museum  oolleotion  is  Zieten's  type-specimen.'  It  mnst,  however, 
be  pointed  out  that  this  example  is  labelled  in  Dr.  Bruokmano'i 
handwriting.  ■'  Braiiner  Jura  f,  Gamelshausen,"  whereas  Zieten  statw 
that  this  species  came  "aus  dem  untem  Oolitb  bei  Gutteuherg."' 

A  minute  examination  of  the  British  Museum  specimen — suIh 
aequently  referred  to  as  Zieten's  type-specimen — shows  it  to  ba 
<leformed.  Firstly,  the  two  branches  of  the  siphonal  lobe,  instead  of 
being  placed  one  on  each  side  of  ihe  median  line  of  the  periphery, 
are  both  on  the  left '  side  of  Ihe  median  low  of  tubercles,  au  thai  tli» 
septum,  when  viewed  from  the  front  (see  Fig.  16),  is  decidedly 
unsymmelrioal.  Secondly,  a  close  examinatioD  of  the  tubercles  on 
the  periphery,  especially  of  those  near  the  anterior  end  of  the 
specimen,  reveals  an  indication  of  subdivision  in  the  median  linei 
as  if  each  were  formed  by  the  coatescence  of  two  an tero- posteriorly 
elongated  tubercles.  Further,  the  whole  specimen  is  not  quit* 
symoaetrical,  the  left  side  of  tlie  whorl  being  a  little  more  inflated 
than  the  I'iglit,  and  the  peripheral  tubercles  a  little  on  one  side  of 
the  median  line  (see  Fig.  le). 

Quensledt*  regarded  Zieten's  Ammonilei  cnlcar  as  a  deformed 
example  of  Ammonitet  bipartitu$,  Zieten,  and  in  this  opioioa  wu 
supported  by  Bronn'  and  Oppel,'  for  both  these  authors  referred 
Amm.  eatear  and  Amm.  bipariUut  to  the  same  speoiea  {AmmoniUt 
bieottatut,  Stahl),  the  last-named  author  adding  in  a  parenthens 
after  the  reference  to  Amm.  enfcar  the  word  '  Missbildimg.'  Giebel,' 
4iowever,  regarded  Amm,  ealear  as  a  separate  species,  an  opinioit 
which  appears  to  he  shared  by  Parona  and  Bonarelli.* 

On  comparing  Zieten's  figure  of  Ammoititei  eaUar  with  that  of  hii 
Amm.    bipartitut   a  great   similarity   in   tbe  soulpture  is  at    oaoe 

'  This  vi«w  is  supporlsd  by  the  Bubseqnent  diacoreiy  in  the  Museam  coUectiotl  of 
two  more  of  Zisten  a  type -specim ens  {JtmnoHitei  ditftida,  p.  31,  pi.  XTi,  Bg(.  !«, 
i,  t;  and  Aminonitet  polygmim,  p.  21,  pi.  it,  llgs.  Ss,  b,  ;),  both  of  vhicfi  wen 
obtaiaed  from  Dr.  Bruckmano. 

'  The  only  place  of  this  aame  in  'WuTttemberr  that  the  writer  ho*  been  able  to 
find  is  about  eight  miles  due  east  of  Dettin^o  and  ia  spelt  *  Gutenberg.'  Qammeb- 
baoaeB  in  near  Boll,  vhich  ib  about  nine  imlea  north-east  of  Outenberf.  Then  li 
aleo  a  discrepanc;  sbont  tbe  harizon  and  localitr  of  the  two  other  apecuneni  in  tbe 
Museum  collection  that  are  believed  to  be  Zieten'a  type*. 

'  The  termi  '  right '  and  '  left '  are  used  in  a  purely  morpholoricil  sanie. 

'  F.  A.  Quenatfidt;  '•  Petref.  DeuUch.,"  Bd.  i,  Cephalopoden  [Hit),  p.  UO; 
■nd  "Aram.  Sehwkb  Jura,"  Bd.  ii  (1887),  p.  73S. 

^  H.  G.  Brona  :  Indei  palEeont..  1818.  p.  33. 

*  A.  Oppel;  "  Die  Juralormatiou,"  18S6-6B,  p.  G60  (I86T}. 
'  C.Q.Oiebel:  "  Die  Fauna  derVorwelt,"  1863,  p.  fi67. 

•  C.  F.  Tarona  &  G.  Bonarelli :    M6m.  Acad.  Sci.  SaToie,  wbt.  4,  toI.  ti,  p.  141, 
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apparent,  and  this,  together  with  Zieten's  statement  that  Ammoniies- 
UparUiuB  also  oame  "aus  dem  untem  Oolith  unweit  Guttenberg/' 
•Qgg^tB  a  possible  relationship  between  the  two  forms.  This 
apparent  relationship  is  confirmed  by  the  comparison  of  Zieten's 
iype  of  iimm.  ealear  with  a  normal  example  of  his  Amm.  bipartitus, 
of  which  species  there  are  several  Qermau  examples  ^  in  the  British 
Mosenm  collection.  Several  other  differences  are  apparent  besides 
the  arrangement  of  the  tubercles  on  the  periphery.  Thus,  compared 
with  an  example  of  Zieten's  Amm»  bipartitus  of  about  the  same  size, 
Amm.  ealear  has  more  inflated  whorls  and  a  slightly  smaller 
nmbilicns.  This  is  clearly  shown  by  a  comparison  of  th^ 
dimensions  of  the  specimens.  Thus  the  measurements  of  Zieten's 
type-specimen  of  Amm.  ealear  are : —Diameter  of  shell  (excluding 
apines),  20*5  mm.  (100)  ;  width  of  umbilicus,  4*5  mm.  (21*9)  ; 
height  of  outer  whorl,  10  mm.  (48*7) ;  height  of  outer  whorl  above 
preoeding  whorl,  8  mm.  (89*0)  ;  thickness  of  outer  whorl, 
7*5  mm.  (36*5) :  whilst  the  dimensions  of  an  example  of  Zieten's 
Amm.  hiparUtua  from  the  Brown  Jura  JT,  Beuren,  Wiirttemberg 
[C.  7,2676]  at  the  same  diameter  are :  diameter  of  shell  (excluding 
spines),  20*5  mm.  (100) ;  width  of  umbilicus,  5  mm.  (24*8) ;  height 
of  outer  whorl,  9*5  mm.  (46*8)  ;  height  of  outer  whorl  above 
preoeding  whorl,  (?)  ;  thickness  of  outer  whorl,  7  mm.  (34*1) :  and 
the  dimensions  of  a  smaller  but  slightly  more  inflated  example 
[22,3246]  of  the  same  species  are: — diameter  of  shell,  19*5 mm. 
(100)  ;  width  of  umbilicus,  4*5  mm.  (23*0) ;  height  of  outer  whorl, 
9  mm.  (46*1)  ;  height  of  outer  whorl  above  preceding  whorl, 
7  mm.  (35*8). 

Compared  with  that  of  Amm.  hipartitus,  the  suture-line  of  Amm. 
ealear,  besides  being  unsymmetrical,  presents  slight  differences  in 
its  details  (compare  Figs.  Id  and  2),  but  all  these  may,  we  think, 

Fio.  2. — BonareUia  biroatafa,  Stahl,  8p.  Suture-line  of  normal  example  for  com- 
pariBon  with  Pi^.  Irf,  the  dotted  lines  near  the  middle  of  the  figure  indicating* 
the  position  of  the  row  of  tubercles  on  each  margin  of  the  periphery,  and  the 
short  curyed  lines  at  each  end  marking  the  position  of  the  suture  of  the  shell. 
Brown  Jura  f  (Lower  Oxfordian) :  Balingen,  Wiirttemberg.  Drawn  of  twice 
the  natural  size  from  an  example  in  the  British  Museum  (Natural  History) 
collection  [39,926]. 

be  attributed  to  the  general  deformation  of  the  specimen.  As  might 
be  expected  the  greatest  difference  is  in  the  peripheral  portion  of 
the  line ;  the  peripheral  saddle  on  each  side,  especially  that  on  the 
right  in  Fig.  Id,  is  much  reduced  in  width,  but  it,  nevertheless, 
exhibits  a  subdivision  which  is  clearly  comparable  with  that  of  the 
corresponding  saddle  in  Amm.  bipartiiuB. 

*  There  are  four  examples  (22,324^-^  from  the  Brown  Jura  f ,  Beuren,  Wiirttem- 
berg; one  (39,026)  from  Balingen,  Wiirttemberg;  and  four  others  (C.  7,267a-rf) 
from  Grermuny,  but  the  precise  locality  of  these  is  not  recorded. 
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On  tlie  whole  we  think  there  cannot  be  any  doubt  that  Zietan'l 
Amtn,  calcar  ie  only  an  ezampto  of  his  Avim.  bipartttuB,  deformed  in 
snch  a  manner  that  the  marginal  Inberclea  of  the  periphery  ba« 
coalesced  inW  a  single  row  of  tubercles  oooupying  nearly  the  median 
line  of  the  periphery,  just  as  in  the  example  of  HopUtfe  tabereulalm 
from  the  Gault  of  Foltceetone,  described  by  the  present  wrtt«r  in 
n  previoitB  number  (December.  161)8)  of  tliia  Magazine.  There  an 
individual  differences  in  Amm.  bipartitug,  among  whicli  may  ba 
noticed  a  variation  in  the  prominence  of  the  ridge  on  the  middltt 
of  the  lateral  area,  in  the  number  of  the  marginal  tubercles,  ani 
in  the  coarseness  of  the  ornaments.  Amm.  calcar  i^rees  with  a« 
avenge  specimen. 

Having  decided  that  the  type-specimen  of  Zieten's  Amm.  eatear  t* 
a  deformed  example  of  bis  Amm.  bipartitus,  a  few  words  must  bs 
added  respecting  the  name  of  the  fosi^il. 

Firstly,  in  regard  to  the  trivial  name.  Both  Bronn '  and  Oppel* 
considered  Zieten's  Amm.  biparliius  to  be  a  synonym  of  Stahl's 
^niTii.  bicoilaltu,'  and  we  think  there  can  be  no  doubt  as  to  the 
correctness  of  this  identification.  Qaenstedt'  refers  Zieten'a  Amm, 
biparlilus  and  Stahl's  Amm.  bieogtaliu  to  the  same  species,  for  which, 
however,  he  adopts  the  naTne  AmmonittB  bipartitug.  Bat  sinoa 
Stahl's  name  antedates  Zieten'a  by  some  seven  years  it  abonld 
stand,  and  the  trivial  name  of  the  fossil  should  be  btcottatiu. 

Secondly,  in  i-egard  to  the  generic  name.  Tiiere  is  no  diflSciilty 
about  the  generic  name  of  this  species,  for  Munier-Clialmas  -  selected 
Ammonitet  bipartitua,  Zieten,  as  the  type  of  a  new  genns,  for  whluk 
he  proposed,  in  1892,  the  name  Dietiehocerat,  without,  however, 
giving  any  diagnosis  of  the  genne.  This  was  subsequently  supplied 
by  Parona  &  Bonarelli,*  who  gave  not  only  a  diagnosis  of  ttw 
genus,  but  also  a  list  of  the  forms  which  they  inoladed  ia  it 
Cossmann,'  however,  points  out  that  this  name  is  preoconpied  by 
Distichocera,  of  Kirby,  and  accordingly  alters  it  to  Bonarellia. 

Hence  the  British  Museum  example  of  Zieten'a  Ammonitet  edUar, 
wbioh  is  most  probably  the  type-speoimen,  is  merely  a  deformed 
example  of  Bonardiia  bieoalata,  Stahl,  sp. 


nacb  Bussen  mit  Ueiaen  Ziihnun  besitzt  eind  ;  von  jedem  Zahn  r^hen  iwd  Stmfra 
bis  an  die  in  der  Mitte  der  Windungen  hinlaufendu  Streifuugslmis,  Ton  wo  tn  dw 
HQdero  Uiilfte  der  Winduag  glatt  ist.  £r  Kndet  aicb  verkiest  bei  QammelsliuiBBn  !■ 
jungera  bitmniniiaen  Mergeleehiofer ;  erfordert  iibrigeoa  noch  nahBre  Uatenachimc.'' 

'  F.  A.  QaenaUsIt :  Amm.  Scbwfib.  Jura,  Bd.  ii  (1887),  p.  732. 

'  Muaier-Chalmaa ;  Ball.  Soc.  G^ol.  France,  set.  3,  vol.  ii.  No.  8,  Comp.  rend., 
p.  clili,  1892. 
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YL — Mb.  Hudlkston  "On  thk  Eastkbn  Mahqin  of  thk  Nobth 

Atlantic  Basin."* 

By  Prof.  J.  W.  Spencbr,  M.A.,  Ph.D.,  B.A.Sc.,  F.G.8. 

rE  delay  of  several  months,  in  replying  to  Mr.  Hudleston's 
oommanioation  relative  to  the  above-named  subject,  has  been 
•dae  to  absence  in  the  field  in  a  distant  region,  where  I  was  not  in 
touch  with  the  current  literature. 

In  the  study  of  suboceanic  topography,  it  is  to  be  regretted  that 
most  of  the  writers  use  the  hydrographic  unit  of  measure  —  the 
fathom — where  the  investigations  have  for  their  object  the  com- 
parison of  the  submarine  features  with  those  of  the  land  where  the 
unit  is  in  feet  This  use  of  two  units  dims  the  comprehension,  unless 
'the  differential  measurements  are  translated  into  the  same  standard. 

On  nautical  charts,  the  10-  and  100- fathom  contours  are  generally 
^rawn  for  navigation  purposes,  and  the  latter  is  the  only  contour- 
line  that  usually  approaches  the  suboceanic  continental  margins. 
Hence  this  line  is  most  commonly  spoken  of  as  if  identical  with 
the  submerged  margin  of  the  continent  This  inaccuracy  would 
«carcely  obtain  were  the  measurements  in  feet  adopted.  The  edges 
-of  the  submarine  platforms  vary  all  the  way  from  300  to  1,200  feet, 
though  the  margins  of  the  outer  shelves  often  reach  to  3,000  feet 
or  more. 

In  the  study  of  the  peculiarities  of  the  suboceanic  continental 
margins,  contours  of  1,000  or  500  fathoms  apart  are  not  sufficiently 
olose  to  bring  out  the  features  in  an  intelligent  way,  although  they 
may  be  all  that  are  practicable  on  a  map  of  small  scale.  By  drawing 
them  at  200  or  300  feet  apart,  I  have  found  that  many  difficult 
features  became  easily  explicable.  If  Mr.  Hudleston  had  taken  the 
fullest  data  and  contoured  the  slopes  from  100  to  1,000  fathoms  on 
his  map  of  the  **  British  Biscayan  Atlantic,"  with  isobars  of  200  or 
300  feet,  it  is  possible  that  he  would  not  have  found  that  the 
soundings  "  in  certain  localities  round  the  Bay  of  Biscay  are  curious 
and  perplexing."  It  is  such  curious  and  perplexing  features  as 
these,  made  known  to  a  better  degree  in  more  favoured  regions, 
which  I  have  studied  in  large  numbers,  and  which  Professor  Hull 
lias  found  and  more  fully  studied  off  the  European  coast  But 
Mr.  Hudleston,  in  his  really  valuable  paper,  does  not  seem  to  have 
recognized  their  importance. 

The  first  striking  feature  in  Mr.  Hudleston's  paper  is  his  study 
of  the  gradients  of  the  suboceanic  continental  slopes.  He  has 
-shown  a  very  large  number  of  cases  where  the  declivities  at 
different  points  amount  to  from  only  1  in  188  to  1  in  7  or  8, 
except  in  the  Bay  of  Biscay,  where  they  may  be  as  much  as  1  in 
4  or  5,  and  in  one  case  so  precipitous  as  to  reach  a  deepening  of 
one  foot  in  two.  His  averages  are  those  extending  usually  over 
considerable  distances  of  20  miles  or  more,  l^e  conclusion 
drawn  from  them  is  that  the  great  continental  slopes  are  not 

»  GsoL.  Mao.,  Dec.  IV,  Vol.  VI  (1899),  pp.  97-105  and  145-157. 
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Tertioal  or  nearly  vertioal  preoipioes,  wbioh  neither  Professor  Hull 
nor  I  ever  stated,  and,  therefore,  much  of  Mr.  Hadleston's  labour 
for  the  apparent  purpose  of  refutation  is  lost.  But  on  analyzing 
his  method,  it  is  found  superficial  only,  as  it  does  not  ^ve  ns 
a  true  idea  of  the  variable  forms  and  pitoh  of  the  continental  slopa 
In  other  regions,  notably  the  Floridian  channel,  leading  to  the  Gulf 
of  Mexico,  the  analyses  of  the  soundings  show  that  the  mean  slope 
in  no  way  conveys  an  impression  of  the  actual  form  of  the  deepening 
of  the  channel.  The  floor  of  the  submerged  valley  is  in  reality 
made  up  of  a  series  of  very  gentle  gradients,  or  almost  horizontid 
steps,  separated  by  precipitous  declivities.  The  margin  of  the 
Mexican  plateau — back  of  Vera  Cruz — has  an  elevation  of  somewhat 
more  than  8,000  feet  above  the  sea,  or  6,500  feet  above  the  inner 
margin  of  the  coastal  plain.  Following  up  one  indentation,  the 
average  declivity  is  only  1  in  30,  while  at  another  point  it  is 
1  in  10.  But  these  averages  do  not  suggest  the  deolivity  of  the 
great  escarpment,  for  the  slope  is  made  up  of  a  series  of  steep 
gradients,  often  1  in  3  or  4,  or  perhaps  in  places  1  in  2,  separated 
by  zones  of  comparatively  small  pitch.  The  soundings  along  the 
Atlantic  margin,  which  Mr.  Hudleston  has  studied,  may  not  have 
been  close  enough  to  reveal  the  steps,  although  he  has  shown  that 
in  the  Bay  of  Biscay  the  declivities  are  precipitous.  It  appears  to 
me  that  his  citations  of  the  mean  declivity  of  the  continental  slope 
scarcely  become  a  criticism  of  the  characteristics  of  the  great 
drowned  valleys,  as  pointed  out  by  rrofessor  Hull  and  myself. 

A  second  feature  made  by  his  studies  of  the  suboceanic  continental 
slope  is  that  it  is  continuouB  over  threat  distances  (which  is  perfectly 
correct),  and  that  the  Norwegian  hasin  is  an  extension  of  that  of  the 
North  Atlantic ;  or,  as  expressed  by  him,  **  it  is  obvious  from  an 
inspection  of  tlie  accompanying  map  that  the  eastern  part  of  the 
North  Atlantic,  the  Norwegian  Atlantic,  and  a  portion  of  the  North 
Polar  ocean,  all  belong  to  one  and  the  same  great  geosyncliual 
depression,  which  has  been  partly  interrupted  by  volciinic  extra- 
vasation, more  especially  in  the  region  between  Shetland  and 
south-east  Greenland."  This  view  cannot  pass  unchallenged.  The 
(**  eruptive  ")  barrier  extends  practically  from  Europe  to  Greenland  ; 
and  between  points  where  the  depth  of  even  the  valley  -  like 
extensions  of  the  basins  is  12,000  feet  the  breadth  of  the  barrier  is 
GOO  miles  or  more,  and  it  rises  to  within  2,000  feet  of  the  surface 
of  the  ocean.  Such  a  barrier,  rising  10,000  feet  out  of  12,000 
feet,  is  certainly  too  stupendous  to  be  considered  as  only  a  partial 
interruption  in  one  oceanic  basin.  As  a  matter  of  fact  there  are  two 
basins  (and  the  more  nortliern  is  apparently  continuous  with  that 
of  the  great  Polar  Sea),  just  as  the  Caribbean  and  Mediterranean 
basins  are  distinct  from  that  of  the  Atlantic.  If  we  could  regard 
this  Icelandic  plateau  in  the  manner  that  Mr.  Hudleston  does,  as 
a  volcanic  extravasation,  interrupting  the  continuity  of  the  Atlantic 
basin,  it  might  obviate  the  necessity  of  explaining  the  valley-like 
features  of  the  ricige.  He  further  says  :  '*  to  the  westward,  beyond 
the  centre  of  Lightning  channel  (*  which  is  that  eastward  of  Faroe 
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Islancls ')  all  the  known  land  and  presumably  most  of  the  Bubmergad 
land  is  of  igneous  origin."  This  last  oonolusion,  applied  to  a  barrier 
nearly  a  thousand  miles  long  and  hundreds  of  miles  in  width,  seems 
to  me  a  more  extravagant  oonolusion  than  the  amount  of  changes  of 
level  postulated  by  Professor  Hull  and  myself.  The  central 
American  barrier,  between  the  Caribbean  Sea  and  the  Pacific  Ocean, 
is  of  even  smaller  proportion,  and  those  parts  of  it  which  are  above 
water  show  a  prevalence  of  volcanic  rocks  of  comparatively  recent 
date ;  yet  from  beneath  these  rocks  old  crystallines  are  occasionally 
exposed,  and  remains  of  the  earlier  Tertiary  formations  are  widely 
distributed.  So,  too,  it  is  hardly  justifiable  to  suppose  that  there  is 
no  diversity  of  formations  on  the  Icelandic  plateau,  which  would 
suggest  continental  features ;  accordingly,  the  student  of  submarine 
topography  is  forced  to  analyze  the  land-like  forms  of  the  ridge,  all 
the  more  so  as  the  valleys  and  their  tributaries,  cirques,  and  embay- 
ments  suggest  that  they  were  fashioned  in  the  same  manner  as  other 
submarine  and  subaerial  valleys,  far  away  from  great  plateau 
eruptions. 

A  third  feature  noticeable  in  the  paper  is  a  general  overlooking  of 
the  detailed  form  of  the  edge  of  the  platform,  where  the  soundings 
"  are  very  irregular  and  puzzling,  so  much  so  that  it  is  not  easy  to 
deduce  any  mean  angle  of  inclination."  There  is  no  special  reason 
why  a  mean  slope  should  be  found.  It  is  the  study  of  such 
"  curious  and  perplexing  **  features  which  has  given  rise  to  the  bold 
hypothesis  of  tremendous  changes  of  level  of  land  and  sea.  There- 
fore, so  long  as  Mr.  Hudleston  overlooks  the  amphitheatres  and 
▼alley-like  indentations  of  thousands  of  feet  in  depth,  dissecting  the 
continental  margins,  he  has  not  the  facts  before  him  to  warrant 
the  ex  cathedra  conclusion — that  stupendous  changes  of  level  have 
not  occurred. 

However,  Mr.  Hudleston  has  spoken  of  the  Norwegian  channel 
from  the  Skager  Rack,  which  has  long  been  known  and  written 
upon.  Its  breadth  seems  to  be  greater  than  he  is  prepared  to  accept 
as  that  of  a  valley,  although  it  is  a  strong  feature  from  Christian ia 
Fjord,  rounding  the  point  of  Norway,  and  extending  500  miles  to 
the  oceanic  abyss.  Its  breadth  should  be  no  difficulty,  for  it  is  not 
as  great  as  that  of  the  lower  St.  Lawrence  merging  into  the  Oulf  of 
the  same  name ;  and  the  flood  plains  of  the  land- valley  of  the  lower 
500  miles  of  the  Mississippi  are  from  30  to  80  miles  wide,  with  its 
lower  portion  now  buried  by  sediments  to  a  depth  of  1,000  feet. 
This  Norwegian  channel  has  a  depth,  near  its  head,  of  2,658  feet, 
but  farther  seaward,  as  it  is  crossing  the  subcoastal  plain,  its  depth 
is  reduced  to  960  feet,  unless  the  soundings  do  not  reveal  the  deepest 
portions  of  the  channel.  He  considers  this  feature  "  unfortunate  "  for 
the  theory  of  its  being  the  course  which  drained  the  Baltic  valley, 
and  says :  ^*  the  river  of  the  Baltic,  therefore,  must  have  had  some 
difficulty  draining  towards  the  Atlantic  under  these  circumstances."' 
Professor  Hull  and  Professor  Bonney  have  answered  these  points. 
As  shown  by  them,  it  is  in  a  region  of  glacial  distribution ;  sa 
that  an  easy  explanation  is  seen  in  the  unequal  filling  of  the  old 
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Talley,  Bticb  as  is  known  to  bave  freqnenUy  oconrred.  As  an 
illnstration  of  suoh  obstrnotion,  tbe  ancient  Laarentian  Talley 
between  Oeorgian  Bay  (eastern  portion  of  Lake  Huron)  and  Lake 
Ontario  is  entirely  obliterated,  not  merely  by  being  filled  witb  drift, 
but  also  by  higb  transverse  ridges.  These  Pleistocene  aoonmulations 
bave  a  depth  of  500  to  1,000  feet.  Tet  the  portions  of  this  ancient 
valley,  beyond  both  sides  of  the  drift  filling,  are  still  open  cbanneli 
beneath  the  waters  of  the  lakes.  Again,  the  differential  elevation 
nay  in  part  have  raised  the  barrier  across  the  Norwegian  channel. 
Such  a  result  has  been  the  case  in  mostly  closing  the  outlet  of  the 
basin  of  Lake  Ontario,  which  is  738  feet  deep;  this  differential 
elevation  being  recorded  in  the  tilting  of  the  beaches  adjacent  to  the 
lake,  but  now  raised  far  above  it.  As  the  development  of  this  sub- 
merged channel  is  a  feature  very  much  greater  than  its  partial 
obstruction,  the  hypothesis  of  its  subaerial  origin  has  in  no  wise  been 
overthrown  by  Mr.  Hudleston's  superficially  -  formed  conclusion, 
touched  with  sarcasm  :  a  conclusion  based  upon  one  feature,  namely, 
obstruction,  which  is  much  easier  of  explanation  than  the  occurrence 
of  the  submerged  Norwegian  valley  itself,  if  it  were  not  of  subaerial 
origin.  Accordingly,  the  grand  old  valley  is  not  yet  placed  without 
the  pale  of  the  laws  of  uniformity,  which  prevail  in  both  subaerial 
and  submarine  valleys. 

My  conception  of  the  proper  treatment  of  the  '  irregularities '  in 
the  continental  margin,  beneath  tbe  waters  of  the  Bay  of  Biscay, 
differs  greatly  from  that  of  Mr.  Hudleston.  For  instance,  at  a  point 
100  miles  south-east  of  La  Chapelle  bank,  his  statement  is  : — **For 
at  one  spot  600  fathoms  is  marked  just  outside  the  100-fatbom  line ; 
while  at  another,  further  out  to  sea,  a  distance  of  about  seven  miles, 
separate  soundings  of  880  fathoms  and  2,100  fathoms  respectively, 
thus  giving  a  slope  of  1  in  5,  or  11°.  In  the  latter  case,  the 
irregularity  is  not  connected  with  the  edge  of  the  100-fathom  plat- 
form, but  may  be  said  to  belong  to  abyssal  depths."  His  explanation 
bears  only  upon  the  question  of  the  irregularity  of  the  slopes,  and 
does  not  convey  to  me  an}'  impression  that  he  was  making  any  study 
of  the  cirque-like  indentation.  I  should  describe  the  phenomenon 
as  shown  upon  his  own  map  as  follows  : — There  is  a  sounding  of 
3,600  feet  (600  fathoms),  located  a  few  miles  within  the  line  con- 
necting the  600-foot  depths  on  either  side,  suggesting  a  cirque  in  the 
great  continental  slope.  The  trend  of  this  slope  on  the  eastern  side 
of  the  cinjue  (or,  more  correctly  speaking,  amphitheatre)  appears  to 
turn  so  as  to  form  an  embayment  due  south  of  the  3.600-foot  point, 
reaching  to  a  depth  of  6,420  feet,  with  a  promontory  to  the  east  of 
it  rising  860  feet  above  its  floor  at  this  point ;  thus  showing  a  great 
amphitheatre -like  valley  continuing  outward  from  the  600 -foot 
platform.  Beyond  this  point  the  12,000-foot  contour  also  shows 
a  marked  indentation,  corresponding  to  a  continuation  of  this  valley, 
noted  at  depths  of  3,600  feet  and  6,420  feet,  although  Mr.  Hudleston 
forms  a  contrary  conclusion.  At  the  head  of  the  amphitheatre,  there 
appears  to  be  a  precipitous  declivity  of  about  3,000  feet,  but  from 
the  foot  of  this  declivity  the  mean  gradient  of  the  valley  is  about 
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1  in  80 ;  while  if  I  went  farther  and  compared  the  gradient  of  the 
*floor  of  the  indentation  with  the  pitch  from  the  promontory  upon  its 
•eastern  side,  I  should  find  it  1  in  5  as  given  by  Mr.  Hudleston. 
He  has  studied  only  the  angle  of  descent  of  the  continental  slopes  : 
I  have  studied  the  sculpturing  of  the  slopes,  with  their  valleys  and 
^pradients. 

This  amphitheatre-like  indentation,  by  itself,  would  not  be  a  strong 
point,  as.  the  data  are  scanty ;  but  when  the  feature  is  one  of  constant 
recurrence,  and  fuller  information  concerning  such  features  is  often 
.obtainable  elsewhere,  as  Professor  Hull  has  shown  to  be  the  case  at 
numerous  points  ofif  the  coast  of  France,  Spain,  and  Portugal, 
-experience  makes  easy  the  interpretation  of  the  fragments  of 
drowned  valleys  which  have  been  recovered. 

Turning  now  to  the  Fosse  de  Cap  Breton,  at  the  angle  of  France 
and  Spain,  the  data  are  very  much  fuller,  and  Mr.  Hudleston's 
treatment  is  happier,  but  still  falls  far  short  of  the  facts,  as  shown 
upon  the  chart,  which  he  has  reproduced,  and  therefrom  my 
<K)nclusion8  reach  farther,  and  fully  support  the  investigations  of 
Professor  Hull. 

The  Fosse  dissects  the  submarine  platform,  limited  by  the  600- 
foot  contour,  which  has  a  breadth  of  about  30  miles.  It  has  a  depth 
•of  1,260  feet  near  its  head.  Farther  seaward,  the  next  sounding  is 
180  feet  less,  as  also  two  other  soundings  are  less,  but  these  are  not 
«n  the  centre  of  the  channel,  as  illustrated.  Only  fuller  soundings 
would  prove  a  barrier,  but  even  then  an  obstruction  by  river 
deposits  is  what  might  occur.  Another  chart,^  which  I  have  seen, 
gives  more  conclusive  data  than  the  illustration  here  analyzed. 
A  little  farther  outward,  the  depth  has  increased  to  2,694  feet  (on 
the  side  of  the  channel),  then  to  3,660  feet  near  the  centre,  and  still 
farther  to  3,750  feet.  From  this  section,  Mr.  Hudleston  passes  to 
"  3o  miles  "  farther  seaward,  and  finds  soundings  of  1,500  fathoms 
in  an  outer  platform  submerged  to  about  900  or  1,000  fathoms.  He 
then  ascertains  the  mean  slope  of  the  side  (1  in  7,  which  is  about 
750  feet  per  mile).  He  cites  an  example,  given  by  Professor  Milne, 
of  the  submarine  cables  being  buried  by  the  fall  of  the  vertical  walls 
.  overhanging  them.  He  concludes  as  follows  :  *'  there  are  several 
indications  that  this  depth  of  1,500  fathoms  represents  a  hole  rather 
than  a  channel,  for  the  next  sounding  seaward  shows  only  1,250 
fathoms."  But  this  last  sounding  is  eight  or  ten  miles  from  the 
1,000- fathom  line  adjacent  to  the  coast,  leaving  plenty  of  room  for 
the  intervening  channel  to  reach  an  additional  depth  of  250  fathoms. 
Indeed,  to  the  north-west  of  the  1,500-fathom  hole,  and  landward  of 
it,  the  lateral  depth  is  1,370  fathoms.  Between  this  hole  and  the 
Fosse  de  Cap  Breton,  already  established,  there  is  a  chain  of 
soundings  of  1,170, 1,107  (this  is  midway  between  the  1,500-fathom 
'*hole"  and  the  625-fathom  depth  of  the  fosse),  and  915  fathoms, 
between  which  and  the  625-fathom  sounding  there  is  one  of  only 
•500  fathoms.    In  the  application  of  these  soundings,  it  must  be 

^  '*  Sabmarine  GuUios,**  etc.,  by  Henry  Bencst :   Geogr.  Joum.,  October,  1899, 
p.  405.    The  soundings  on  the  Admiralty  Chart  are  very  numerous. 
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bonie  in  mind  that  the  1ocatioD»  are  not  ocourate,  and  tbat  in  off- 
bhora  hydrography,  etrora  of  locatioa  up  to  five  milea  art 
{lercaissible  (thongli  ueually  much  leaa)  even  in  good  nork,  wlieo 
llie  Boundings  »re  made  at  di^erent  times.  Conseqnently,  thv 
\vindiug8  of  the  valleys  are  only  approximately  located,  and  there 
may  even  appear  interruptions,  but  their  deptliB  at  various  point* 
are  correct.  [Jndev  all  tliese  conditions,  I  am  forced  to  give  valos 
to  the  iutermediate  souudiuga  passed  over  by  Mr.  Hudleston,  and 
veaoh  only  one  conclusion,  which  is  Proressor  Huirs — that  the  Foam 
de  C»p  Ureton  ■>»  n  continuous  valley  to  beyond  the  depth  of  \,\f^ 
i'athoms,  and  from  the  character  of  the  steep  aides  it  appears  to 
partake  of  tbe  nature  of  a  canon.  From  the  soundings,  the  floor 
of  the  fosse,  as  (bus  extended,  seem  to  be  characterized  by  Ihrw 
steps,  separated  by  long  intervals  where  the  slope  is  reduced  to 
a  few  feet  per  mile,  while  the  mean  deoltvily  of  tbe  iatervenini; 
8t*ps  ia  200  feet  per  mile.  If  fuller  soundings  were  made,  [bi 
steps  might  be  found  more  abrupt,  and  there  might  he  a  larger 
number  revealed.  Mr.  Hudleston's  explanation  of  the  l.oOO-ralhoin 
sounding  as  being  a  "hole  rather  than  a  channel" — au  expressiaa 
used  similarly  elsewhere — wouhl  appear  to  he  a  refuge  from  th» 
valley  hypothesis,  unless  it  is  shown  how  suob  ai'e  formed,  especikllf 
when  there  is  a  eiiccession  of  theui.' 

I  wish  to  correct  a  criticism.  He  says,  "  that  Professor  Spencer, 
having  long  studied  the  Caribbean  Sea — perhaps  the  most  unstable 
reiflon  of  tlie  earth — appears  to  liave  an  exai^joiated  ni>tLr;in  as  to 

rirogenio  uplifts  on  both  sides  of  the  Atlantic  " ;  and  he  further 
^Mits  to  the  hypothesis  that  the  Kockall  embayment,  west  of 
Ireland,  has  been  fashioned  by  atmospherio  agents,  and  suggests 
that  both  it  and  the  Lightning  channels,  and  the  deeps  of  the 
Norwegian  Atlantic  were  due  to  tectonic  causes.  Whatever  were 
the  causes  of  tbe  basin,  the  olainis  of  Professor  Hull  and  myself 
are  only  that  the  barrierf  were  once  land,  which  were  monlded  by 
atmospheric  agents,  producing  the  valleys  dissecting  them. 

I  fear  that  my  critic's  impression  of  the  instability  of  the  Caribbean 
region  is  very  much  magnified.  It  is  now  certainly  established  that 
the  principal  changes  of  level,  since  the  early  Tertiary  period,  over 
that  region — vastly  larger  than  the  Norwegian  basin — have  ooourred 
with  remarkable  persistency,  though  varied  in  magnitude.  And 
these  changes  have  extended  to  the  North  American  continent,  and 
continued  northward  to  regions  considered  the  most  stable.  I  suspect 
that  the  most  of  these  changes  are  represented  in  the  eastern  Atlantic, 
which  the  evidenoe  brought  out  indicates.  At  no  lime  have  I  stated 
that  the  same  individual  oscillations  extended  to  both  sides  of  the 
Atlantic,  as  the  oscillations  may  not  prove  to  have  been  absolutely 
synchronous.  They  may  yet  be  found  to  have  alternated.  The 
changes  may  also  have  been  more  complete  in  one  region  than 
another. 
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As  to  the  Bookall  embayment  and  Lightning  channels,  it  may  be 
s^id  that  only  a  brief  notioe  was  taken  of  these  by  me  in  my  pre- 
Jiminary  paper,'  cited  by  Mr.  Hudleston.  In  a  general  way  I  called 
attention  to  the  deep  valley-like  depressions  dissecting  the  submarine 
Icelandic  plateaa  in  both  directions.  These  and  the  Bockall  embay- 
ment, with  their  tributary  amphitheatre-like  valleys,  were  regarded 
4IS  only  the  more  advanced  forms  of  atmospheric .  sculpturing  of  the 
margins  of  an  elevated  plateau,  similar  to  land  features,  of  which 
plenty  of  examples  can  be  given.  But  the  occurrence  of  the  sub- 
iQarine  plateau  is  explained  by  Mr.  Hudleston  as  an  igneous 
•extravasation,  while  the  dissection  of  the  drowned  barrier  by  deep 
valleys  he  attributes  to  tectonic  causes.  But  he  does  not  even  com- 
{lare  the  adjacent  submarine  features  (as,  for  instance,  the  Qords  and 
their  tributary  amphitheatres)  with  like  forms  of  the  basaltic  plateau 
of  the  Faroes,  dissected  into  islands  by  valleys  and  Qords,  with 
•cirques  of  2,000  feet  in  depth.  Neither  the  hypothesis  of  the 
^neral  igneous  origin  of  the  Icelandic  plateau  barrier,  nor  that  of 
the  tectonic  origin  of  the  valleys,  subsidiary  to  the  plateau  formation, 
'does  he  support  by  evidence,  and  in  substituting  his  explanations  for 
ihe  hypothesis  of  subaerial  sculpturing  of  a  former  land,  he  bringR 
back  upon  himself  the  onus  probandi  of  sustaining  his  theory. 

Mr.  Hudleston  sums  up  eight  conclusions,  and  these  by  themselves 
would  have  been  mostly  accepted  by  Professor  Hull  and  myself. 
But  the  details  of  the  paper  appear  more  strongly  to  have  for  their 
object  the  discrediting  of  the  hypothesis  of  great  changes  of  level  of 
land  and  sea.  I  thank  him  for  the  trouble  he  has  undertaken  in 
•bringing  out  so  many  points,  and  producing  such  good  illustrations. 
It  has  enabled  me  to  point  out  some  of  the  methods  of  investigation 
adopted  by  Professor  Hull  and  myself,  and  I  trust  that  it  may  be  of 
use  to  other  students.  But  in  nothing  that  he  has  shown  does  there 
Appear  testimony  against  the  correctness  of  conclusions  by  Professor 
Hull  concerning  the  great  changes  of  level  of  western  Europe  in 
late  geological  times.  The  evidence  makes  me  believe  with  Professor 
Hull  that  the  submerged  plateaux,  with  gently  undulating  topo- 
graphy, or  rounded  and  flattened  forms,  were  old  land  surfaces, 
Iiiigely  brought  into  being  by  the  laws  governing  the  base-level  of 
•erosion  during  the  very  long  Mio-Pliocene  period.  Some  of  the 
•broader  valley  features  may  have  been  produced  during  some  portion 
of  the  same  period,  but,  generally  speaking,  our  theory  is  that  the 
deep  channels  dissecting  the  drowned  plateaux  were  formed  during 
A  subsequent  epoch  of  high  continental  elevation,  or  were  reopened 
and  enlarged  in  it  The  evidence  in  America  places  the  great 
•elevation  after  Ihe  time  of  the  establishment  of  the  modem  moUuscan 
life,  but  before  the  epoch  of  the  accumulation  of  the  glacial  deposits  : 
•approximately,  about  the  commencement  of  the  Pleistocene  Period. 
Then  the  older  valleys  were  being  enlarged,  and  the  bounding  slopes 
were  being  dissected  by  receding  canons  and  amphitheatres,  which 

'  Bead  before  the  Meeting  of  the  British  Assodatioii,   1897  :    Obol.  Mao., 
Dec.  IV,  Vol.  V  (1898),  pp.  32-38. 
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were  slowly  developed  into  great  and  deep  channels.  Wo  may  not  have 
sufficiently  distinguished  all  the  older  from  the  newer  features.  As- 
the  amount  of  erosion  performed  may  seem  too  great  for  the  supposed 
period  of  high  continental  elevation,  we  are  willing  to  concede  that 
Home  of  the  continuations  and  enlargements  of  the  more  restricted 
channels,  or  the  emhayments  terminating  them,  may  be  older 
features,  even  possibly  due  in  part  to  tectonic  causes,  whatever  such 
may  be ;  but  this  is  a  question  beyond  the  confines  of  our  present 
investigations.  On  account  of  the  great  slopes  being  indented  by 
the  newer  physiographic  forms,  we  point  out  the  evidence  of  the- 
siibsequent  stupendous  elevation  of  the  land.  We  may  have  to  con- 
cede  to  the  Pleistocene  period  a  really  longer  duration  than  has  been 
popularly  supposed.  The  growth  of  the  valleys,  under  conditions  of 
variable  rainfalls  on  the  elevated  plateaux,  does  give  rise  to  such 
features  as  we  now  find  dissecting  the  submarine  platforms ;  and  the 
denudation  under  conditions  of  stupendous  changes  of  level  woold 
accelerate  the  excavation  of  the  valley  features,  or  modify  them,  as 
described  by  Professor  Hull  and  myself. 

In  place  of  pointing  out  the  remarkable  submarine  holes  and 
buijing  the  observations  in  the  tomes  of  some  learned  society,  we 
have  collected  the  phenomena  and  bound  them  together  by  a  working 
hypothesis  based  upon  the  grammar  of  geomorphy ;  a  new  science 
as  yet  not  generally  mastered,  with  results  at  first  startling,  although 
they  only  give  expression  to  some  of  the  changes  of  land  and  sea, 
as  taught  by  Lyell.  Our  imperfect  studies  have  been  met  by 
observations  from  a  different  standpoint,  as  if  we  did  not  accept 
them  in  the  common  way;  consequently,  I  do  not  see  that  any 
unanswerable  objection  has  yet  been  raised  to  our  conclusions. 
Hardly  even  enough  to  spur  us  on  to  seek  for  fresh  confirmatory 
facts.  Mr.  Hudleston  would  doubtless  drift  along  with  us  if  he 
would  give  the  subject  the  attention  which  it  deserves ;  and  already 
he  says  that  be  is  not  prepared  to  deny  the  connection  between 
Europe  and  Greenland  in  mid-Tertiary  times,  though  he  fails  to 
see  any  necessity  for  it.  It  was  in  the  mid-Tertiary  times  that  we 
suppose  tlie  great  undulating  features  of  the  Icelandic  bridge  began 
to  be  formed.  I  take  it  that  further  studies  must  lead  him  to 
distinguish  between  these  features  and  the  deep  channels  with  their 
tributaries,  cirques,  etc.  But  until  this  differential  interpretiition 
of  the  forms  is  used,  the  great  changes  of  level  of  land  and  sea 
in  late  geological  times  will  doubtless  appear  startling.  Whatever 
agnosticism  there  may  be  concerning  the  correctness  of  our  con- 
clusions, 80  long  as  we  are  met  by  hypotheses  substituting  that  of 
subaerial  erosion,  it  falls  upon  the  advocates  of  such  hypotheses  to 
sustain  them  with  facts.  While  the  changes  of  level  of  3,000  feet 
would  perhaps  meet  with  almost  general  acceptance,  we  have  not 
been  shown  any  reason  why  this  limitation  should  be  made,  when 
the  valley- like  features  extend  to  depths  of  9,000  or  12,000  feet,  as 
found  by  both  Professor  Hull  and  myself. 
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L — On    ▲    Pbopobed    New    Clasbifioation    of    thk    Pliooenb 
DBP08IT8  OF  THi  East  OF  Emqland.    Bj  F.  W.  Harhkb,  F.O.S.^ 

THE  term  Ked  Crag,  including  as  it  does  beds  di£fering  consider- 
ably in  age,  is  vague,  and,  when  we  attempt  to  correlate  the 
East  Anglian  deposits  with  those  of  other  countries,  inconvenient ; 
the  Scaldisien  zone  of  Belgium,  with  its  southern  fauna,  for  example, 
representing  one  part  of  it,  and  the  Amstelien  of  Holland,  in  which 
northern,  and  even  Arctic,  mollusca  are  common,  another.  It  seems 
desirable,  therefore,  while  retaining  it  for  general  use,  to  adopt  for 
its  various  horizons  some  more  definite  and  distinctive  names. 

The  Upper  Crag  deposits  arrange  themselves  geographically  in 
horizontal  rather  than  in  vertical  sequence,  assuming  always  a  more 
recent  as  well  as  a  more  boreal  character  as  we  trace  them  from 
south  to  north.  They  are  the  littoral  accumulations  of  a  sea  which 
was  from  time  to  time  retreating  in  a  northerly  direction. 

The  classification  now  proposed,  which  is  based  on  palsdontologicfi^l 

evidence,  is  as  follows : — 

Older  Pliocbxe. 

Lenhamian  Lenham  Bedi*         )  Diestien  Sands. 

(Zone  of  Area  diluvii)  )  Waenrode  f 

Nbwkk  Pliocenb. 

(hdffnman  Coralline  Crag  •••        Zone  h  lioeardia  eor^ 

Waltonian  Essex  Crag. 

Walton  horizon         ...  (Zone  of  Neptuttea  contraria)  Scaldiaien. 

Oakley  horizon  ...        „  „  „  Poederlien. 

Newbaurnian         ...        Red  Crag  of  Newboum,  Sutton,     \ 

and  Waldringfield     f  a_,^^i;„ 

Butleyan    Red  Crag  of  BuUey  and  Bawdsey )   J  ^^■w"®'*- 

(Zone  of  Cardium  ihtefilandieum)  ]  J 
leenian — Lower  horizon  ...  2<Iorwich  Crag,  Southern  part. 
Upper  horizon   ...        „         ,,     Northern  part  ) 

(Zone  of  Attarte  boreali»)       ] 

ChiVstfordian        (Estuarine) 

Chillesford  CUy  and  Sands. 
Weyhoumian        ...        Crag  of  Weyboume  and  Belaugh  \ 

(Zone  of  Tellina  balthiea^,       ] 
Fore0t*bed  (so-called)  Series. 

An  analysis  of  the  characteristic  mollusca  of  the  different  divisions 
respectively  of  the  Crag  here  suggested  shows  a  gradual  diminution 
of  the  percentages  of  extinct  and  southern  forms  and  a  gradual 
increase  in  northern  and  recent  species.  The  difference  between 
the  Qedgravian  (Coralline  Crag)  and  Waltonian  is  shown  to  be  less 
than  has  been  supposed,  and  the  former  is  here  grouped  as  Newer 
instead  of  as  Older  Pliocene,  as  hitherto. 

The  Crag  of  Oakley,  near  Harwich,  from  which  the  author  has 
recently  obtained  nearly  300  species  of  mollusca,  belongs  to  an 
horizon  different  to  anything  previously  described,  and  serves  to 
bridge  over  the  interval  between  the  Crag  of  Walton-on-the-Naze 
and  the  Red  Crag  of  Suffolk*     Its  fauna  closely  resembles  that  of 

1  Read  hefore  Sect.  C  (Geology),  British  Association,  Dover  Meeting,  Sept.  1899. 
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Walton,  I)at  oontains  some  boreal  and  Arotio  speoiea  unknowD  from 
tbat  place,  including  yeplunea  aniiqua  (dextral),  N.  earinata,  and 
N,  despeela.  and  represents  the  period  when  northern  forms  were 
first  beginning  to  eetablisb  themselves  in  the  Crag  baeiu.  It  is 
approximately  and  partly  equivalent  to  the  Pctedeilien  zone  of 
Belgian  geologists. 

The  Red  Crag  beds,  the  fosails  of  which  are,  with  few  exceptions, 
the  drifted  and  stralified  shells  of  dead  mollusoa,  eeem  to  have  been 
deposited  either  against  the  shore  or  in  shallow  water  in  proximity 
to  it,  ID  laud-looked  ba,)8  or  inlets.  The  position  which  these 
inlets  sucoessively  occupied  was  from  time  to  time  shifted  towards 
the  north,  in  oonsequeuce  of  the  upfaeavul  of  the  southern  part  of 
the  Crag  area  described  by  the  autbor  in  a  former  paper.'  These 
inlets  were  silted  up,  one  after  another,  by  masses  of  shelly  sand. 
but  as  far  as  the  evidence  goes  the  beds  composing  the  diSerent 
zones  do  not  overlap.  The  Waltonian  deposits  are  confined  lo  the 
county  of  Essex,  the  Newbournian  occupying  the  district  to  the 
north  of  the  river  Stour,  and  the  Bulleyan  beds  occurring  along 
a  narrow  belt  extending  northwards  from  Bawdsey  at  the  mouth 
of  the  river  Deben.  The  loeniau  deposits  which  are  foQud  to  the 
north  of  Aldeburgh  are  shown  by  their  molliiscau  fauna  to  belong 
to  a  period  considerably  more  recent  than  any  part  of  the  Ked  Crag. 
They  cover  an  area  46  miles  by  30  in  extreme  breadth,  and  in  one 
place  are  nearly  150  feet  in  thickness,  but  they  are  not  anywhere 
Known  to  be  underlain  by  beds  of  Red  Crag  age.  In  the  noithern 
port  of  the  loenian  area  Aitarto  hortaiM  oooara,  and  this  apeoiea 
seems  to  mark  a  slightly  more  recent  horizon  of  thia  zone.  The 
Weybournian  Crag,  containing  7^/Itna  ballhiea,  is  only  known  to 
the  north  of  Norwich,  and  extends  from  thenoa  to  the  Cromer  ooaat. 
The  author  now  believes  that  these  latter  bods  are  distinct  from  and 
of  older  date  than  the  Westleton  Shingle  of  Prestwioh. 

II. — On   thk  Obigin  of   Latkbal  Hobaikis  and  Rock  Tbad(i.* 
By  J.  LoMAs,  A.R.C.S.,  F.Q.S. 

IN  dealing  with  the  aooumulations  of  frapnentary  materials 
associated  with  glaciers  it  is  necessary  to  distinguiah  between 
deposits  which  are  stationary  and  the  debris  riding  on  or  moving 
with  the  ice. 

The  latter,  reviving  a  term  used  by  Rendn,  will  be  referred  to 
as  '  rook  trains,'  and  the  meaning  of  '  moraines '  will  be  reetrictsd 
to  stationary  deposits,  either  lateral  or  terminoL 

Lateral  moraine*  are  not  necessary  adjuncts  to  glaoiera.  Their 
distribution,  which  appears  capricious,  really  conforms  to  a  well- 
defined  law.  In  glaciers  with  a  straight  course,  they  are  feebly, 
if  at  all,  developed,  whereas  those  moving  through  winding  ohiuineU 
have  lateral  moraines  developed  in  their  oonoave  bends,  llie  debris 
carried  by  a  glacier  either  in  the  ice  or  on  the  surfaoe  gradually 

I  Quart  Jonm.  Oed.  Boc.,  vol.  lii  (1S96),  pp.  773. 

'  Ab«trut  of  a  paper  read  Irafore  Section  C  (Ueologjr),  Britith  AuodstJOD,  Dover 
UeetJng,  Sepl«mber,  ISSO. 
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works  towards  the  side  in  snoh  places  where  motion  is  retarded  and 
osnrying  power  reduced.  In  this  respect  they  conform  exactly  to 
the  action  of  rivers  which  deposit  material  in  their  inner  bends. 
•  Boek  iraiM  may  appear  suddenly  in  the  middle  of  a  glader  or 
at  the  janction  of  two  streams.  The  first  are  andoubtedly  caused 
by  the  erosion  of  sabglacial  spurs  or  crags.  Those  formed  at  the 
point  of  union  of  two  glaciers  are  usually  regarded  as  being  formed 
by  the  joining  together  of  two  lateral  rock  trains. 

There  are  cases,  however,  where  rock  trains  are  formed  at  the 
Junctions  of  glaciers,  and  no  lateral  rock  trains  fringe  the  tributary 
glaciers.  In  front  of  the  rocky  islands  or  spurs  which  separate 
the  glaciers  at  the  point  of  confluence,  a  hollow  is  always  seen  in 
which  a  lakelet  often  exists.  This  is  the  counterpart  of  the  hollow 
on  the  down-stream  side  of  a  river  after  passing  under  a  bridge 
supported  by  piers. 

Objects  carried  by  rivers  tend  to  accumulate  in  this  hollow,  and 
may  linger  there  a  long  time  before  they  join  the  main  current 
and  get  carried  away. 

Thus  rock  trains  may  be  formed  by  d6bris  being  thrust  out  of 
glaciers  at  similar  places  where  motion  is  small.  In  these  instances 
the  fragments  are  probably  torn  off  under  the  ice  from  the  flanks 
of  the  dividing  spun,  and  they  may  be  compared  with  those 
originating  in  the  middle  of  a  glacier. 

la  El  V  I  E  ^W  S. 

I. — OioLOOiOAL    Guides    to    Po3ibrania    and    Bobnholm.      By 
W.  Dkkokk.     "  Qeologiscber  Fiihrer  durch  Bornholm."     8vo  ; 

130  pp.  and  map.    ''  Qeologiscber  Fiihrer  durch  Pommern."   8vo ; 

131  pp.      Nop.  3  and  4  of  Sammlung  Geologischer  Fiihrer. 
(Berlin,  1899 :  Gebr.  Bomtraegger.) 

DB.  E.  GEINFTZ'S  guide  to  Mecklenburg  and  that  of  Dr.  Beck 
to  the  section  of  Saxon  Switzerland  south  of  Dresden  have 
already  given  a  favourable  introduction  to  Bomtraegger's  series  of 
geological  guides.  The  two  next  volumes  in  the  senes  are  worthy 
of  their  predecessors.  They  are  practical  in  method,  clear  in  style, 
and  while  they  are  written  in  language  sufficiently  popular  to  be 
4inderstood  by-  any  intelligent  tourist,  the  information  is  sufficiently 
precise  and  definite  to  give  a  geologist  a  clearidea  of  the  geological 
features  of  the  districts  described.  Both  guides  are  on  the  same 
plan.  They  begin  with  a  brief  account  of  the  topography  of  the 
■districts ;  this  introduction  is  followed  by  a  longer  general  sketch  of 
the  stratigraphical  geology.  The  reader,  having  thus  been  told  what 
there  is  to  be  made  out  in  the  district,  is  informed  exactly  where  to 
find  and  how  to  interpret  the  available  evidence.  The  books  close 
with  a  list  of  the  more  important  geological  works  on  each  district 
and  with  a  full  index. 

The  two  districts,  though  not  far  distant  geographically,  are 
very  distinct  geologically.    Bomholm  consists  of  a  granite  mf»sif| 
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intersected  by  diabase  dykes  and  with  a  fringe  of  Lower  Palnoeoiof 
and  Mesozoic  rocks  along  the  sonthem  coast.  The  stratified  rocks' 
include  Cambrian  sandstones  and  '  sohiefer ' ;  an  Ordoviciaa 
Orthoceraa  limestone;  TrinueleuB  and  graptolite  shales;  and  aome^ 
Silurian  graptolite  beds.  The  Upper  Palteozoio  is  unrepresented. 
Of  the  Neozoic  series  there  are  only  a  bed  of  Lias  and  a  Lower 
Senonian  Oreensand  and  Chalk.  The  glacial  beds  are  important^ 
and  are  interpreted  as  belonging  to  two  Olacial  epochs  —  a  first 
period  of  complete  glaciation,  and  a  second  glaciation  in  which  ice 
occurred  only  on  the  low-lying  borderlands  of  the  island. 

The  guide  to  Bornholm  is  accompanied  by  a  clearly  printed 
coloured  geological  map  on  the  scale  of  1 :  100,000. 

Professor's  Deecke's  guide  to  Pomerania  is  necessarily  briefer" 
and  less  complete  than  his  little  monograph  on  Bornholm.  The> 
geological  series  in  Pomerania  includes  beds  of  Lias,  Dogger 
(Bajocian  and  Callovian),  Kimmeridgian,  Cenomanian,  Tnronian, 
Senonian,  Oligocene,  and  Miocene.  Probably  the  most  important 
member  of  this  series  is  the  Schriebkreide  of  Campanian  age- 
{Mueronatus  zone)  of  the  island  of  Biigen.  The  principal  Cretaoeons- 
seotions  on  that  island  are  described,  and  a  map  of  north-eastern 
Riigen  is  a  further  guide  to  the  best  collecting- grounds.  The  glacial* 
deposits  belong  to  two  series,  the  first  being  the  puzzling  DrifU  of 
the  Island  of  Hiigen,  whose  origin  and  relations  have  been  a  vexed* 
question  in  North  German  glacial  geology  from  the  days  of  Lyell's 
description  in  1837  until  the  recent  papers  of  Pi-ofessor  Bonney  and 
Mr.  Hill.  The  second  group  of  glacial  deposits  belongs  to  the  great 
terminal  moraine  of  the  Bailie  Plain. 

Professor  Deecke  is  to  be  congratulated  on  his  guides,  which  will 
be  useful  to  geologists  and  tourists  and  especially  to  geological 
teachers  and  their  students. 


Memoius  of  the  Geological  Survey. 

II. — The  Geology  of  the  Country  around  Dorchester.  By 
Clement  Reid,  F.R.S.,  etc.  8vo  ;  pp.  o2.  (Printed  for  H.M. 
Stationery  Office,  Loudon.     Price  Is.) 

rpms  Memoir,  which  is  intended  to  accompany  the  New  Series 
L  Geological  Survey  Map,  No.  ^^liS,  deals  with  the  subject  much 
more  fully  than  do  the  previously  published  Memoirs  by  the  same 
author  on  the  Geology  of  13ognor,  Bournemouth,  and  Eastbourne. 
This  is  as  it  should  be.  In  such  Memoirs  we  look  for  a  fairly 
c()mj)lete  account  of  the  geology  of  the  area  included  within  each 
Survey  map,  and  for  a  record  not  only  of  what  the  Survey  geologists 
have  done,  but  of  what  others  have  done  also. 

Upper  Jurassic  rocks  and  Wealden  be<ls  occupy  a  very  small 
portion  of  the  area  described  in  the  work  before  us  ;  the  Upper 
Creta(;eous.  Tertiary,  and  later  deposits  form  nearly  the  whole  of 
the  ground. 

The  Gault  and  Upper  Grccnsand  are  grouped  together,  under 
the  name  Selbornian  (as  used  by  Mr.  Jukes-Browne) ;    and  these 
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depofiits,  aa  well  as  the  Lower,  Middle,  and  Upper  Chalk,  with  their 
palaeontologioal  sonea,  are  duly  deaoribed.  The  Reading  Beds  next 
receive  attention.  These  consist  partly  of  coarse  sand  and  grit,  with 
small  splinters  of  flint  and  with  bands  of  the  characteristic  red- 
mottled  claj ;  but  westwards  the  deposit  passes  into  a  subangular 
flint  and  chert  gravel  with  a  few  FalsBOZoic  pebbles.  An  extra- 
ordinary nomber  of  swallow-holes  occurs  in  the  district  of  Puddle- 
town  Heath  and  Bryant's  Puddle,  to  which  attention  was  directed 
many  years  ago  by  the  Rev.  Osmond  Fisher.  Their  occurrence  in 
the  Reading  Beds  is  attributed  by  Mr.  Reid  to  the  fact  that  the 
strata  overlying  the  Chalk  comprise  freely  permeable  sand  and 
gravel  with  bands  of  clay.  The  masses  of  imperbisteut  clay  have 
served  to  direct  the  rainfall  to  certain  spots,  whence  it  descended 
into  and  dissolved  the  Chalk. 

The  London  Clay  would  hardly  be  recognized  by  one  whose 
experience  was  confined  to  the  London  area.  In  the  Dorchester 
region  it  consists  of  sand  and  sandy  loam  with  septarian  ironstone. 
More  interest  attaches  to  the  Bagshot  Beds,  on  the  extent  and 
composition  of  which  much  new  light  has  been  thrown  by  Mr.  Reid. 
By  an  attentive  study  of  the  small  mineral  fragments  in  unmistakable 
Bagshot  Sands  he  has  been  able  to  trace  the  equivalents  in  coarse 
gravels,  which  in  some  cases  have  been  regarded  as  Drift ;  more- 
over, he  has  shown  that  westwards  the  Bagshot  Beds  overlap  the 
London  Clay  and  rest  directly  on  the  Chalk.  The  evidence  obtained 
tends  to  confirm  the  view  expressed  by  Mr.  Starkie  Oardner,  of  aa 
Eocene  river  flowing  from  the  granitic  and  Palsaozoic  districts  of 
Devon  and  Cornwall,  and  bringing  coarse  detritus  as  well  as  Impure 
china  clay  into  the  regions  of  Dorset  and  Hants. 

An  interesting  observation  made  by  Mr.  Reid  is  on  the  softening 
of  Greensand  chert.  He  noticed  fragments  so  soft  that  they  looked 
like  pebbles  of  pipeclay,  though  they  soon  harden  on  exposure. 
This,  as  he  remarks,  '*  will  explain  the  curious  way  in  which  the 
fragments  are  sometimes  dented  by  each  other  and  pitted  by 
sand-grains." 

Among  other  subjects  of  interest  ai*e  the  Pliocene  deposits  of 
Dewlish,  which  have  been  worked  out  very  fully  by  Mr.  Mansel- 
Pleydell  and  Mr.  Reid.  The  various  superficial  deposits,  the  clay- 
with-flints,  plateau  gravels,  and  more  recent  alluvial  deposits  are 
likewise  described. 

Oboloqioal  Sooiktt  of  London. 

The  first  Meeting  of  the  present  Session,  1899-1900,  was  held 
November  8th,  1899.  W.  Whitaker,  B.A.,  F.R.S.,  President,  in  the 
Ohair.     The  following  communications  were  read : — 

1.  '*0n  the  Cornish  Earthquakes  of  March  29th  to  April  2ndr 
1898."     By  Dr.  Charles  Davison,  M.A.,  F.G.S. 
The  importance  of  these  three  slight  earthquakes  lies  chiefly  in 
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the  unusually  olear  evidence  that  they  furnish  with  regard  to  the 
origin  of  the  double  series  of  vibrations  in  one  of  the  shooks,  and  to 
the  oontinuous  displaoeraent  of  the  seismic  focus  along  the  surface  of 
the  originating  fault.  The  second  earthquake — that  of  April  1st — 
was  the  strongest  of  the  series,  and  the  account  of  it  is  based  on 
S9  records  from  56  different  places.  Two  distinct  shooks  were 
recorded  at  25  places,  the  second  being  the  stronger.  The  focus  of 
the  first  earthquake  was  about  a  mile  in  length ;  that  of  the  second 
was  probably  not  less  than  five  miles,  and  its  centre  being  about 
a  mile  E.  33^  N.  of  the  former,  it  probably  included  the  focus  of 
the  first  earthquake.  The  focus  of  the  third  shock  was  probably 
included  in  that  of  the  second.  The  strike  of  the  rocks  near 
MullioD,  a  thrust-plane  hading  to  the  south-east,  the  strike  of  the 
lodes  near  the  epicentre,  and  several  el  van-courses — are  all  parallel 
to  the  isoseismal  axes,  or  nearly  so.  Besides  the  focal  transference 
along  the  strike  of  the  fault-surfaoe,  the  double  series  of  vibrationti 
gives  evidence  of  transference  down  the  hade  of  the  fault-surface, 
the  focus  of  the  earlier  shock  being  at  a  higher  level  than  that  of 
the  second. 

2.  "  On  the  Geological  Structure  of  Portions  of  the  Malvern  and 
Abberley  Hills."     By  Professor  T.  T.  Groom,  M.A..  D.Sa,  F.Q.8. 

This  paper  is  in  continuation  of  one  on  the  Southern  part  of  the 
Malvern  Hills  already  published  by  the  Geological  Society.  In  it 
descriptions  are  given  of  the  exposed  rocks  of  the  Malvern  Range 
from  Swinyard  Hill  to  North  Hill,  the  district  of  Cowleigh  Park, 
Martley,  Woodbury,  Wallsgrove,  and  the  neighbouring  tract  of  Coal- 
liieasures.  The  Silurian  rocks  west  of  the  hills  are  almost  invariably 
inverted,  and  the  Malvernian  rock  frequently  can  he  found  to  be 
ovorthrust  on  to  them.  In  several  cases  there  is  reason  to  suspect 
that  slips  of  Silurian  rocks  are  caught  in  infolds  among  the 
Malvernian  rocks.  The  author  concludes  that  the  whole  of  this 
-district,  May  Hill,  the  Old  Red  Sandstone  tract  to  the  west,  the 
coalfields  of  the  Forest  of  Dean,  South  Wales,  and  Bristol,  and  the 
Tortworth  district,  are  traversed  by  a  series  of  related  folds,  whose 
^xes  run  in  two  chief  directions  intersecting  at  a  considerable  angle : 
the  axial  planes  of  one  set  tend  to  dip  eastward,  and  of  the  other  in 
a  southerly  direction.  Overfolding  has  taken  place  frequently  from 
the  east,  less  frequently  from  the  south  ;  and  this  inversion  aflfects 
the  south  as  well  as  the  middle  and  north  of  the  Malvern  range. 
The  Archocan  rocks  are  thrust  on  to  various  members  of  the 
Cambrian  System  in  the  south  and  of  the  Silurian  System  in  the 
uorth.  The  overthrusts  are  more  closely  connected  with  a  later 
movement  than  with  the  first  folding  of  the  rocks,  and  while  they 
have  not  materially  altered  the  nature  of  the  rocks  concerned,  they 
have  in  some  cases  resulted  in  the  production  of  schists  (mylonites). 
In  some  cases  a  secondary  folding  has  affected  the  thrust-planes. 
The  intensity  of  the  folding  diminished  west  of  the  old  ranges.  The 
chief  movement  appears  to  have  progressed  in  sections  from  north  to 
south,  and  the  western  fronts  of  different  sections  show  some 
tendency  towards  convexity  in  the  direction  of  movement     While 


Correspondence — Mr.  J.  R.  Dahyns,  STi 

the  rooks  affeoted  by  great  movement  range  from  the  ArchaBan  to  the 
Lower  Goal-measures,  the  Upper  Goal-measures  and  Permian  rest 
relatively  undisturbed  on  the  denuded  rooks  of  the  range :  thus  the 
range  is  a  member  of  the  Heroynian  system  produced  during  Goal- 
measure  time,  and  probably  the  two  approximately  rectangular 
direotions  of  movement  were  practically  contemporaneous  and  were 
produced  during  the  limited  interval  between  the  deposition  of  the 
Lower  and  Upper  Goal-measures.  There  is  no  evidence  to  provfr 
that  the  Malvern  and  Abberley  Hills  formed  part  of  a  coast-line 
against  which  the  Triassic  beds  were  deposited ;  for  the  Upper 
Bunter  Sandstone  forms  the  base  of  the  Trias  throughout  the  district 
and  rests  unconformably  on  the  Haffield  Breccia,  together  with 
which  it  passed  unconformably  over  the  site  of  the  West  of  England 
Chain.  The  present  position  of  the  Permian  and  Trias  on  the  east 
of  the  hills  is  due  to  a  post-Liassic  fault  of  moderate  downthrow,, 
which  tends  to  run  parallel  to  the  western  front  of  the  old  range. 


THE  LIMESTONE  KNOLLS  OF  CRAVEN. 

Sir, — According  to  Mr.  Marr  the  limestone  knolls  in  Graven 

are  due  to  the  rock  having  been  squeezed  up,  under  intense  lateral 

pressure,  through  the  overlying  shale.      If  this  be  the  case,  we 

should  find  the  knolls  most  pronounced  where  the  pressure  has 

been  greatest.    Now  the  pressure,  as  proved  by  excessive  folding, 

was  greatest  along  what  is  now  the  Skibeden  Valley,  between 

Skipton  and  Wharfedale,  but  there  are  no  knolls  there.     The  knolls 

are  confined  to  the  region  of  Thorpe,  where  the   rocks  are  not 

much  folded  and  have  therefore  not  suffered  great  pressure.     As 

the  knolls,  then,  do  not  occur  where,  according  to  the  theory  of 

Mr.  Marr,  they  ought  specially  to  be  found,  the  theory  cannot  be 

true.  J.  R.  Dakyns. 

Pbn-y-Gwrych,  Llanbbris. 

November  3, 1899. 

SUBMERGED  PHYSICAL  FEATURES  OF  THE  MEDITERRANEAN 

BASIN. 

SiB, — Since  my  return  from  the  Gontinent  I  have  been  engaged 
in  tracing  out  the  physical  features,  by  means  of  isobathic  contours, 
of  the  western  portion  of  the  Mediterranean,  and  not  without  some 
intei-esting  results.  Gonsidering  the  essential  difference  in  the 
physical  conditions  of  the  Mediterranean  and  the  Atlantic — that 
is,  of  an  inland  sea,  with  numerous  large  islands,  and  the 
vast  sweep  of  an  ocean  almost  unbroken  through  a  thousand 
miles  from  the  British  Isles  to  the  Straits  of  Gibraltar — we  may 
well  be  prepared  for  differences  in  the  submerged  features  of  each ; 
although  it  may  be  assumed  that  any  changes  of  level  which  the 
eastern  borders  of  the  Atlantic  can  be  shown  to  have  undergone 
have  been  shared  by  the  western  portions,  at  least,  of  the  Medi- 
terranean. The  great  changes  of  level,  amounting  to  thousands  of 
feet  vertical,  which  are  indicated  by  the  slopes  of  the  continental 
platform  and  its  intersection  down  to  its  very  base  of  1,000-1,600' 
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fathoms  by  old  river-valleys,  must  have  extended  far  eastward  as 
'well  as  westward ;  and  may  be  expected  to  have  left  their  effects 
•on  the  submerged  Mediterranean  border  slopes.     Such,  indeed,  is 
ithe  case,  as  shown  by  the  isobathic  contours,  but  far  less  distinctly 
'than  in  the  case  of  the  submerged  borders  of  the  Atlantic.     In  the 
first  place,  the  great  continental  shelf  of  the  Atlantic  is  in  the 
case  of  the  Mediterranean,  narrow,  and  not  well  defined ;   and  is 
represented    generally   by  a  broken    slope,   continuous    with    the 
bordering  lands  down  to  a  depth  of  about  1,000-1,200  fathoms, 
when  it  gives  place  to  the  gradually  shelving  floor  of  the  abyssal 
region,   which   descends  to  depths  of  over  1,500  fathoms.      As 
.€t  consequence  of  this,  and  as  we  might  a  prion  expect,  the  sub- 
merged river- valleys  are  also  less  clearly  defined  than  those  off  the 
•coasts  of  Franoe,  Spain,  and  Portugal.     Where,  as  in  these  cases, 
'there  exists  a  gently   sloping  terrace,  extending  for  100  to   200 
miles  out  to  sea,  and  traversed  by  deep  channels  with  steep,  some- 
times precipitous,  sides  (as  in  the  case  of  the  Loire,  the  Adour,  and 
-the  I'agus),  it  is  easy  to  identify  their  courses  by  means  of  the 
soundings  on  the  Admiralty  charts ;  but  where  such  channels  only 
traverse  for  a  short  distance  a  steeply  sloping  surface,  the  conditions 
are  entirely  altered,  and  they  are  consequently  less  clearly  recog- 
nizable.    Notwithstanding  this,  however,  the  submerged  channels 
•of  the  Ebone  and  the  Ebro  can  be  clearly  recognized  by  the  inward 
bend  of  the  contours  opposite  the  mouths  of  these  rivers,  extending 
from  about  the  50  to  the  1,000-fathom  contours  at  the  margin  of  the 
abyssal  floor. 

I  may  add,  in  conclusion,  that  T  have  succeeded  in  tracing 
Admiral  Spratt's  channel,  between  Adventure  Bank  and  Cape  Bon, 
bv  which  the  waters  of  the  Levant  Basin  were  connected  with 
those  of  the  Tyrrhenian  Sea  during  the  uplift  of  the  entire  area  to 
the  extent  of  1150  fathoms  (1,500  feet),  as  explained  by  Admiral 
Spratt  himself.*  Edward  Hull. 


DR.    HENRY  HICKS,   F.R.S.,   F.G.S. 

IJOKN    IN    1837.  ]^IED    NOVEMHEU    18,     1899. 

Thk  mournful  news  has  just  reached  us  (November  21st)  of  the 
death  of  our  genial  friend  and  warm-hearted  colleague,  Dr.  Henry 
Hicks.  Tiie  son  of  the  late  Thomas  Hicks,  surgeon,  of  St.  David's, 
Pejnbrokeshire,  he  was  born  in  1837,  and  was  educated  at  the 
Collegiate  and  Chapter  School  in  that  city,  and  at  Gu^^'s  Hospital, 
Lrmdon.  lie  became  a  member  of  the  Koyal  College  of  Surgeons 
and  a  Licentiate  of  the  Society  of  Apothecaries  in  18G2,  and  M.D. 
of  the  University  of  St.  Andrew's  in  1878,  practising  medicine  at 
St.  David's  from  1862  to  1871.  During  that  time  he  commenced 
his  geological  researches  amongst  the  older  rocks  of  that  neighbour- 
hood. His  first  paper  was  communicated  to  the  Liverpool  Geological 
Society  in  1863.  In  the  following  year,  in  conjunction  with  the 
late   5lr.   J.  \V.   Salter,   Palasontologist  to  the  Geological  Survey, 

^  Q.J.G.S.,  vol.  xxiii,  p.  292. 
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•lie  oontributed  several  papers  to  the  Geological  Society,  British 

Aeaooiation,  etc.     In  1871  ne  removed  to  Hendon,  Middlesex,  and 

■einoe  that  time  he    carried  on   researches    in  North   Wales  and 

fiootland,  the  results  being  communicated  in  numerous  papers  to 

the  Geological  Society,  Greologists  Association,  and  the  Gkolooioal 

Maoazink.     Of  late  his  investigations   were  confined   mainly   to 

the  oldest   (Pre-Cambrian)    rocks   of  Great  Britain,   and   he    has 

«bown  that  they  are  exposed  in  many  areas  in  which  their  presence 

had  been  hitherto  unsuspected.      Dr.  Hicks   described   many  new 

fossils  discovered  by  him  in  the  Cambrian,  Ordovician,  and  Silurian 

rocks,  and  has  written  several  papers  on  their  classification.     He 

published   the  results  of   explorations   carried  on   by  him  in  the 

•ossiferous  caverns  in  North  and  South  Wales,  in  which  evidence 

is  given  to  show  that  man  occupied  some  of  the  caverns  during 

a  part  of  the  Glacial  Period.     In  1891  he  described  the  glacial 

deposits  at  Hendon  and   Finchley,  and  in    1892  he  published  an 

aoconnt    of   the    discovery   of   Mammoth    and    other  remains   in 

Endsleigh  Street,  London,  with  sections  of  the  deposits  in  which 

they  were  found.     He  also  wrote  several  papers  on   the  rocks  of 

North  Devon,  and  discovered  a  rich  fauna  in  the  "Morte  Slates," 

which   until  then  were  considered   to  be  entirely  unfossiliferous. 

In   1896-7   he   published   his   views  on   the   '<  Morte  Slates  "   of 

North  Devon  and  West  Somerset  in   the  Gkoloqical  Maoazink. 

fie  prepared  a   new   Geological    Map    of    North    Wales    for   the 

International  Geological  Congress  which  met  in  London  in  1888. 

Dr.  Hicks  was  awarded  the  Bigsby  Medal  by  the  Geological  Society 

in  1883,  and  served  that  Society  as  Hon.  Secretary  and  afterwards 

AS  President  during  the  years  1896  and  1897.     He  was  President 

<of  the  Geologists  Association  in  1883-5,  and  was  elected  a  Fellow  of 

the  Boyal  Society  in  1885.     He  was  an  Honorary  and  Corresponding 

Member  of  many  Geological  and  Natural  History  Societies  in  this 

<X)antry  and  abroad.     Dr.  Hicks  died  rather  unexpectedly  at  his 

residence  at  Hendon,  after  only  a  very  short  illness,  on  November  18th, 

in  his  sixty-second  year.     His  loss  will  be  keenly  felt  by  bis  many 

friends  in  the  Geological  Society  and  the  Geologists  Association, 

who  appreciated  his  great  abilities  and  sterling  worth. 

SIR  J.  WILLIAM  DAWSON,  C.M.G.,  LL.D.  (Edin.),  D.C.L., 

F.R.S.,  F.G.S. 

BoKN  OcTOJiEK  30,  1820.  Died  Xoybmber  19,  1899. 

A  TKLKORAM  in  the  Morning  Post  of  November  20th  announces 
the  death  on  the  19th  inst.,  at  the  age  of  79,  of  this  eminent 
Canadian  geologist,  who  was  almost  equally  well-known  and  beloved 
among  geologists  on  this  side  of  the  Atlantic. 

Sir  J.  William  Dawson  was  bom  at  Pictou,  Nova  Scotia,  on 
October  30th,  1820.  He  graduated  at  the  University  of  Edinburgh, 
And  returning  home  devoted  himself  to  the  study  of  the  Natural 
History  and  (Geology  of  Nova  Scotia  and  New  Brunswick.  The 
resalts  of  these  investigations  were  published  in  his  "  Acadian 
Geology"  (3rd  ed.,  1878).  In  1842,  and  again  in  1862,  he 
accompanied  Sir  Charles  Lyell  in  his  explorations  in  Nova  Scotia^ 
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aiding  hini  materially  in  bis  investigations.  Since  1843  h» 
contributed  largely  to  tbe  Quarterly  Journal  of  tbe  Oeologioal 
Society  of  London,  tbe  Gbologioal  Magazine,  and  to  otber  scientific 
periodicals.  He  bas  publisbed  numerous  roonograpbs  on  subject* 
connected  witb  Geology,  more  especially  on  tbe  Land  Animals  and 
Plants  of  tbe  Palaeozoic  Period  and  on  tbe  Pliocene  Deposits  of 
Canada.  His  two  Tolumes  on  tbe  Devonian  and  Carboniferous 
Flora  of  "Eastern  Nortb  America,"  publisbed  by  tbe  Geological 
Survey  of  Canada,  are  among  tbe  most  important  contributions  yet 
made  to  tbe  Palaeozoic  Botany  of  Nortb  America.  He  described 
£ozo&n  Canadense  of  tbe  Laurentian  limestones,  at  tbat  time 
considered  to  be  tbe  earliest  known  form  of  animal  life. 

In  1850  be  was  appointed  Superintendent  of  Education  for  Nov» 
Scotia,  and  in  1855  Principal  of  M'Gill  University,  Montreal.  He 
was  a  member  of  many  learned  Societies  in  Europe  and  America. 
Among  bis  works  are  "  Tbe  Story  of  tbe  Eartb  and  Man,"  1872,  in 
wbicb  be  gives  a  popular  summary  of  geological  bistory ;  ''  The- 
Dawn  of  liife,"  1875,  an  account  of  tbe  oldest  known  fossil  remains, 
and  of  tbeir  relations  to  geological  time  and  tbe  development  of  tbe 
animal  kingdom  ;  "  Tbe  Origin  of  tbe  World,"  1877  ;  "  Fossil  Men 
and  tbeir  Modem  Representatives,"  1878 ;  and  "Tbe  Cbain  of  Life 
in  Geological  Time,"  1880,  a  sketcb  of  tbe  origin  and  succession  of 
animals  and  plants. 

In  1882  be  was  awarded  tbe  Lyell  Medal  by  tbe  G^logical 
Society  of  London  in  recognition  of  his  original  researches  in  the 
South  Joggins  Coalfield,  Nova  Scotia,  and  his  other  valuable 
contributions  to  geological  knowledo^e.  The  same  year  he  was 
created  a  Companion  of  the  Order  of  St.  Michael  and  St.  George  ; 
and  was  selected  by  the  Governor- General,  the  Marquis  of  Lome,  to 
be  the  first  President  of  the  Koyal  Society  of  Canada.  lie  was  also 
President  of  the  American  Association  for  the  Advancement  of 
Science.  In  the  following  year  he  attended  the  meeting  of  tbe 
British  Association  at  Southport,  and  travelled  in  Egypt  and  Syria, 
on  the  geography  and  geology  of  which  he  published  several  papers. 
He  was  knighted  by  Her  Majesty  in  1884.  In  1886  he  served  the 
office  of  President  of  the  British  Association  for  the  Advancement 
of  Science  at  Birmingham.  In  1893  he  was  elected  President  of 
the  American  Geological  Society.  He  retired  from  the  office  of 
Principal  of  M'Gill  University  July  olst,  1893,  and  was  appointed 
Emeritus  Principal,  and  Professor  and  Hon.  Curator  of  the  Peter 
Redpath  Museum.  Some  of  Sir  W.  Dawson's  more  recent  work& 
are  "The  Geological  History  of  Plants,"  1888;  "Salient  Points  in 
the  Science  of  the  Earth,"  1893:  "The  Canadian  Ice  Age,"  1894r; 
"  The  Meeting-place  of  Geology  and  History,"  1894  ;  "  Tbe 
Historical  Deluge  in  its  Relation  to  Scientific  Discovery  and  to 
Present  Questions,"  1895;  "Relics  of  Primeval  Life,"  1897. 

Throughout  his  long  and  active  career,  Sir  J.  W.  Dawson  baa 
contributed  in  a  high  degree  to  the  advancement  of  geology  and  of 
science  generally  in  Canada,  and  under  his  leadership  the  M'Gill 
University  bas  risen  to  be  the  principal  centre  of  scientific  educatioa 
and  research  in  tbe  Domlmon. 
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